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ITIIE OF THE INVENTION 
ESTROGEN RECEPTOR MODULATORS 

BACKGROUND OF THE INVENTION 
5 Naturally occurring and synthetic estrogens have broad thotapeutic 

utility, including: relirf of menopausal symptoms, treatment of acne, treatment of 
dysmenorrhea and dysfunctional ulmne bleeding, treatment of osteoporods, treatment 
of hirsutism, treatment of prostatic cancer, treatment of hot flashes and prevention of 
cardiovascular disease. Because estrogen is very therapeutically valuable, tiiere has 
10 been great interest in discov^g compounds tiiat mimic estiogpn-like behavior in 
estrogen responsive tissues. 

For exanq)le, estrogen-like compounds would be beneficial in the 
treatment and prevention of bone loss. Bone loss occurs in a wide range of subjects, 
including women that are post-menopausal or have had a hysterectomy, patients who 
15 were or are currratiy bemg treated wifli corticosteroids, and patient's having gonadal 
dysgenesis. The current major bone diseases of public concern are osteoporosis, 
hypercalcemia of malignancy, ostec^nia due to bone metastases, periodontal disease, 
hyperparathyroidism, periarticular erosions in rheumatoid arthritis, Pag^s disease, 
immobilization-mduced osteopenia, and glucocorticoid-induced osteoporosis. All of 
20 these conditions are characterized by bone loss, resulting from an imbalance between 
bone resorption, i.e. breakdown, and bone formation, which continues throu^out Ufe 
at die rate of about 14% per year on die average. However, tiie rate of bone turnover 
diff^ from site to site, for example, it is bi^er in tiie trabecular bone of ttie 
vertebrae and the alveolar bone in the jaws tiian in the cortices of the long bones. The 
25 potential for bone loss is direcfly related to turnover and can amount to over 5% per 
year in vralebrae immediately following menopause, a condition which leads to 
increased fracture risk. 

In tiie U.S., tfiere are currenfly about 20 million people with detectable 
fractures of the vertebrae due to osteoporosis. In addition, there are about 250,000 hip 
30 fixtures per year attributed to osteoporosis. This clinical situation is associated with 
a 12% mortahty rate witiiin the first two years, while 30% of ttie patients require 
nursing home care after the firacture. 

Osteoporosis affects approximately 20 to 25 milhon post-menopausal 
women in the U.S. alone. It has been tiieorized that the rapid loss of bone mass in 
35 these women is due to the cessation of estrogen production of the ovaries. Since 
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Studies have shown that estrogen slows tfie reduction of hone mass due to 
osteoporosis, estiog^ replacement therapy is a recognized treatment for post- 
menopausal osteoporosis. / vV ^r^^ 

In addition to Ixme mass, estrogen appears to have an effect on the 
5 biosynthesis of cholesterol and cardiovascular healtfi. Statistically, the rate of 

occurrence of cardiovascular disease is roughly equal in posllmenopausal women and 
men; however^ premenopausal women have a much lower incidence of cardiovascular 
disease than men. Becausepostmenopausal women are estrogen deficient, it is 
believed that estrogen plays a beneficial role in preventing cardiovascular disease. 

10 The mechanism is not well understood, but evidence indicates that estro^n can 
upregulate the low doosity lipid (IDL) cholesterol receptors in the liver to remove 
excess cholesterol. 

Postmenopausal women given estrogen replacement tii^:apy 
expenmce a return of lipid levels to conco&trations comparable to levels associated 

IS with the premmopausal state. Thus, estro^ replacement therapy could be an 

effective treatment for such disease. Ifowevo:, the side effects associated with long 
term estrog^ use limit the use of this alternative. 

hi models, estrog^ has been shown to have beneficial effects on 
cognitive functioning, such as relieveing anxiety and depression and treating and/or 

20 preventing Alzheimer's disease. Estrogen affects the central nervous system by 
increasing cholinergic functioning, neurotrophin and neurotrophin receptor 
expression. Estrogen also increases glutamergic synaptic transmission, alters amyloid 
precursor protein processing and provides neuroprotection. Thus, the estrogen 
recqptor modulators of the present invration could be beneficial for improving 

25 cognitive functioning. 

Other disease states that affect postmenopausal women include 
estrogen-<lependent breast cancer and uterine cancer. Anti-estrogen compounds, such 
as tamoxifen, have commonly been used as chemotherapy to treat breast cancer 
patients. Tamoxifen, a dual antagonist and agonist of estrogen receptors, is beneficial 

30 in treating estrogen-dependent breast cancer. However, treatment with tamoxifen is 
less than ideal because tamoxifen's agonist behavior enhances its unwanted estrogenic 
side effects. For example, tamoxifen and other compounds that agonize estrogen 
receptors tend to increase cancer cell production in the uterus. A better therapy for 
such cancers would be an anti-estrogen compound that has negUgible or nonexistent 

35 agonist properties. 
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Althougji estrogen can be beneficial for treating pathologies such as 
bone loss, increased lipid levels, and cancer, long-term estrogen ttierapy has been 
implicated in a variety of disorders, including an increase in the risk of utoine and 
endometrial cancers. Itiese and other side effects of estrogen replacement therapy are 
5 not acceptable to many women, thus limiting its use. 

Alternative regimens, such as a combined progestogen and estrog^ 
dose, have been suggested in an attempt to lessra the risk of cancer. However, such 
regimens cause the patient to experience withdmwal bleeding, which is unaccq>table 
to many older women. Furtfaennore, combining estrogen with progestogen reduces 
10 the benefidalcholesteroMoweting effect of estrogen Ifaer^. fii addition, the long 
tmn effects of progestogen treatmoit are unknown. 

In addition to post-m^opausal women, men suffering from prostatic 
cancer can also benefit from anti-^trogen compounds. Prostatic cancer is often 
endocrine-sensitive; androg^ stimulation fosters tumor growth, while androgen 
15 suppression retards tumor growth. The administration of estrogen is helpful in the 
treatment and control of prostatic canc^ because estrogen administration lowers the 
level of gonadotropin and, consequratly, androgen levels. 

The estrogen receptor has been found to have two forms: ERa and 
ERp. Ugands bind diffBiently to these two fonns, and each form has a differen 
20 tissue specificity to binding ligands. Thus, it is possible to have compounds that are 
selective for ERa or ER^, and th^efore confer a degree of tissue specificity to a 
particular ligand. 

What is needed in Ae art are compounds that can produce the same 
positive responses as estrogen replacement therapy without the negative side effects. 
25 Also needed are estrogen-like compounds that exert selective effects on different 
tissues of the body. 

The compounds of the instant invention are hgands for estrogen 
receptors and as such may be useful for treatment or prevention of a variety of 
conditions related to estrogen functioning including: bone loss, bone firactures, 
30 osteoporosis, cartilage degeneration, endometriosis, uterine fibroid disease, hot 
flashes, inoeased levels of LDL cholesterol, cardiovascular disease, impairment of 
cognitive functioning, cerebral degenerative disorders, restinosis, gynacomastia, 
vascular smooth muscle cell proliferation, obesity, incontinence, and cancer, in 
particular of the breast, utems and prostate. 
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SUMMARY OF THE INVENTION 

The present invention relates to compounds of the following chemical 



5 




wh^n X is selected from the group consisting of: O, N-OR^ N-NR^R^^ and Ci^ 

alkylidene» wh^dn said alkylidene group is unsubstituted or 
substituted with a group selected from hydroxy, amino, 0(Ci^alkyl), 
NH(Ci^alkyl), or N(Ci^alkyl)2; 
10 r1 is selected from the group consisting of hydrogen, Ci^slkyh C2^alkmyl, and 
C2^allcynyl, wherdn said allcyl, alkenyl and alkynyl groups are eitiier 

unsubstituted or substituted with a group selected from OR^ 
NR^c ,C(=<>)RC C(=0)CH20H, or phenyl, wherein said phenyl 

group can eitho: be unsubstituted or substituted with 1-3 substituents 
15 independently selected from the group consisting of Ci^alkyl, OH, 

0(Ci^alkyl). NH2, NH(Ci^alkyl), NH(Ci^alkyl)2, halo, CN, NO2. 
C02a C02(Ci^allcyl), C(0)H, and C(0)(Ci^alkyl); 
r2 is selected bom the group consisting of hydrogen, hydroxy, iodo, 0(C=0)RC, 

C(=0)RC, C02R^, Ci^alkyl, C2-6aIkenyl and C2.6alkynyl. wherein 
20 said alkyl, alkenyl and alkynyl groups are either unsubstituted or 

substituted with a group selected from OR9, SR^ NR^RC ,C(=0)RC, 
C(=0)CH20H, or phenyl, wherein said phenyl group can either be 

unsubstituted or substituted with 1-3 substituents independently 
selected from the group consisting of Cj^alkyl, OH, 0(Ci^allcyl), 

25 NH2. NH(Ci^alkyl), NH(Ci^alkyl)2, halo, CN, NO2. CO2H, 

C02(Ci^alkyl), C(0)H, and C(0)(Ci^alkyI); 
or r1 and r2, when taken together with the carbon atom to which they 
are attached, form a caibonyl group; 
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or r1 and when taken together, form a Ci^ alkylidene group, 

whwein said alkylidene group is either imsubstituted or substituted 
with a group sdected from the gfoup consisting of hy^^ ^ ; 

4alkyl), N(Ci.4alkyl)2, and phenyl, wherein sdd phenji gr^ can 

5 either be unsubstituted or substituted with 1-3 sid^tue^ 

independently selected from the groiqp coiisisting of C^^^ 
0(Ci^alkyl), NH2, NH(Ci^alkyl), NH(Ci^alkyl)2. tolo, CN, NO2. 
CX)2a C02(Ci^alkyl), C(0)H, and C(0)(Ci^^^ 

r3 is selected from the group consisting of hydrogen, fluoro, chloxo, bromo, iodo, 
10 cyano, NRaRC ORa C(=0)Ra C02R^. CONRaRC sRa, s(=0)Ra 

S02R^ Ci.ioalkjd. C2.ioalkenyl, C2.ioalkynyl, Cs^vcycloalkyl, 4-7 

membered hetenx:ycloalkyl, cycloalkylalkyl, aryl, heteroaryl» atylalkyl, 
and heteroarylalkyl, wha:ein said alkyl, alkenyl, alkynyl, cycloallgrl, 
aryl and heteroaiyl groups are either unsubstituted or independently 
15 substituted with 1, 2 or 3 groups selected from fluoro, chloro, bromo, 

iodo, cyano, OR\ NR^RC 0(C=0)Ra O(C=0)NRaRC NRa(c=o)RC, 
NRa(C=0)ORC, C(=0)Ra C02Ra, CONRARC, CSNRaRC SRa 
S(0)Ra S02Ra S02NRaRC, YRd, and ZYRd ; 
R^ is selected from the group consisting of hydrogen, hydroxy, amino, methyl, OP3, 
20 fluoro, chloro^ and btomo; 

R^ and R^ are each independently selected from the group consisting of hydrogen, 
fluoro, chloro, l»t>mo, methyl, amino, 
0(C=OPRC and NH(C>0)RC; 
r7 is selected fixMn the group consisting of hydrogen, OR^, NR^RC, fluoro, chloro, 
25 bromo, iodo, cyano, nitro, Ci_6all^l, C2-6alkenyl, CF3, and CHF2; 

R8andR9 are each independently selected from the group consisting of hydrogen, 
Ci^galkyl, C2-6alkenyl, and C2-6aUQ^y^» 

or R^ and R9, when taken together with the carbon atom to which they 
are attached, form a 3-5 membered cycloalkyl ring, 
30 or r8 and r9, when taken together with the carbon atom to which they 

are attached, form a carbonyl group; 
rIO is selected from the group consisting of hydrogen, Ci^io^^l> C2-ioalkenyl, C2- 
lOalkynyl, Cs^cycloalkyl, cycloalkylalkyl, aryl, heteroaryl, arylalkyl 
and heteroarylalkyl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl. 
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cycloallgflalkyi, aiyl, heteroaiyl, arjdallcjd and heteroaiylallc/l groups 

can be optionally substituted with a group selected from chloro, bronio, 

iodo, 0R\ SRb C(=0)R^ or 1-5 fluoro, 0 i S 

or R^O andRl, whm taken together with the three intervening caibon 

5 atonis to wMch they are attached, form a 5-6 membeced cycloall^^ 

cycloalkenyl ring which can be optionaUysubstitaibd with lor 2 
groi^)s selected from oxo, hydroxy, or Ci^alkyl; 

• r1 1 is selected from the group consisting of hydrogen and Cj^alkyl; 

R^ is selected from the group consisting of hydrogen, Ci^ioalkyl, and phenyl, 

D wherein said alkyl group can be optionally substituted with a group 

selected from hydroxy, amino, 0(Ci^alIq^l), NH(Ci^alkyl), N(Ci. 
4alkyl)2t phenyl, or 1-5 fluoro, and 

wherein said phenyl groups can either be unsubstituted or substituted 
with 1-3 siibstituents independentiy selected fix>m the group consistmg 
5 of Ci^alkyl, OH. 0(Ci^alkyl). NH2, NH(Ci.4alkyl). NH(Ci. 

4alkyl)2, halo, CN, N02, CX)2H. C02(Ci^alkyl), C(0)H. and 
C(0)(CMalkyl); 

Rb is selected bom the group consisting of hydrogen, C^.^galkyl, brazyl and phenyl, 
wheiein said phen^ group can dther be unsubstituted or substituted 
3 with 1-3 substituents independentiy selected from the group consisting 

of Ci^alkyl, OH, 0(Ci^alkyl), NH2. NH(Ci^alkyl), NH(Ci. 
4alkyl)2, halo, CN, NO2, CO2H, C02(Ci^alkyl). C(0)H, and 
C(0)(Ci^alkyl); 

R^ is selected from the group consisting of hydrogen, Ci^iq^^' phenyl, wherein 

5 said phenyl group can either be unsubstituted or substituted with 1-3 

substituents indepradentiy selected from the group consisting of Cj. 
4alkyl, OH, 0(Ci^alkyl), NH2, NH(Ci«4alkyl), NH(CMalkyl)2, 
halo, CN, NO2. CO2H, C02(Ci^alkyl). C(0)H, and C(0)(Ci» 
4alkyl); 

) or R^ and R^, whether or not on the same atom, can be taken togetiier 

with any attached and intervening atoms to form a 4-7 membered ring; 
Rd is selected from the group consisting of NR^^, OR^, C02R^ 0(C=O)R^ CN, 
NRC(C=0)Rl>, CONRftRC S02NRaRC, and a 4-7 membeied N- 
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hetm)cycloaIkyl nng that can be optionally intemqpted by O, S» NR^. 
orC=0; 

Y is selected from the group consisting of CR^^, C2-6 

alkenylene, wherein said alkylene and alkenylene linkers can be 
5 optionallyinteiruptedbyO, S, orNR^; 

Z is selected from Ae group consistmg of O, S, NR^ C=0, 0(C=0), (C=OX>» 

NRC(C=0) or (C=0)NRC; 
and the phannaceutically acceptable salts thereof. 

The present invention also relates to pharmaceutical compositions 
10 comqprising tte compounds of die present invention and a phannaceutically acceptable 
carxi^. 

The present invention also relates to methods for making the 
pharmaceutical compositions of the present invention. 

The present invention also relates to methods for eliciting an estrogen 
15 receptor modulating effect in a mammal in need thereof by administering the 
compounds and pharmaceutical compositions of the present invration. 

The present invention also relates to noethods for eliciting an estrogen 
receptor anta^niizing effect in a mammal in need thereof by administering die 
compounds and pharmaceutical compositions of the presrat invention. 
20 The present invention also relates to methods for eliciting an estro^ 

receptor agonizing effect in a mammal in need thereof by administering the 
compounds and pharmaceutical compositions of the present invention. 

The present invention also relates to methods for treating or preventing 
disorders related to estrogen functioning, bone loss, bone fractures, osteoporosis, 
25 cartilage degeneration, endometriosis, uterine fibroid disease, cancer of the breast, * 
uterus or prostate, hot flashes, cardiovascular disease, impairment of cognitive 
function, cerebral degenerative disorders, restenosis, gynacomastia, vascular smooth 
muscle cell proliferation, obesity and incontinence in a mammal in need thereof by 
administering the compounds and pharmaceutical compositions of the present 
30 invention. 

The present invention also relates to methods for reducing bone loss, 
lowering LDL cholesterol levels and eliciting a vasodilatory effect, in a mammal in 
need thereof by administering the compounds and pharmaceutical compositions of the 
present invention. 
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DETAttED DESCRIPnON OF THE INVENTION 

The present invention relates to compounds useful as estrogm receptor 
modulators. Compounds of the present invention are described by ttie fo^ 
chemical formula: > ^ 




whaein X is selected j&om the group consisting of: O, N-OR^ N-NR«Rt> and Ci^ 

alkylidene, wh^in said alkylidene group is unsubstituted or 
10 substituted with a group selected from hydroxy, anuno, 0(Gi^al]^lX 

NH(Ci^alkyl), or N(Ci^alkyl)2; 
R1 is selected from Ae group consisting of hydrogen, Ci^alkyl, C2-6alkenyl, and 
C2-6alkynyl, wherein said alkyl, alkenyl and alkynyl groups are either 

imsubstituted or substituted with a group selected from OR^, SRP, 
15 NRbRO ,C(=0)R^. C(=0)CH20H, or phenyl, wherein said phenyl 

group can either be unsubstituted or substituted with 1-3 substituents 
independently selected from the groiQ> consisting of Cx^aDcyl, OH, 
0(Ci^alkyl), NH2, NH(Ci^alkyl), NH(Ci^alkyl)2, halo, CN, NO2. 
CO2H, C02(Ci^alkyl). C(0)H, and C(0)(Ci^alkyl); 
20 r2 is selected from the group consisting of hydrogen, hydroxy, iodo, 0(C=0)RC, 

C(=0)RC C02R^, Ci^alkyl, C2^alkenyl, and C2^alkynyl, wherein 
said alkyl, alkenyl and alkynyl groups are either unsubstituted or 
substituted with a group selected firom ORC, SR^, NR^RC ,C(=0)RC, 
C(=0)CH20H, or phenyl, wherein said phenyl group can either be 

25 unsubstituted or substituted with 1-3 substituents independently 

selected firom the group consisting of Ci^alkyl, OH, O(Ci^alkyl), 
NH2, NH(Ci^alkyl), NH(Ci^alkyl)2, halo, CN, NO2, CO2H, 
C02(Ci^aIkyI), C(0)H, and C(0)(Ci^alkyl); 
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or r1 and R^, when taken together with the carbon atom to which they 
are attached, form a carbonyl group; 

or R1 and R^ when taken together, fonn a Ci^ alkylidene group, 

wherein said alkylidene group is either unsubstituted or substituted 
5 . with a group selected ftomflie group consisting of hydroxy, 0(Ci- 

4alkyl), N(Cl.4alk^)2, and phaai)d, wherein said phrayl group can 

either be unsubstituted or substituted with 1-3 substitumts 
independently selected ficom the group consisting of Ci.4alkyl. OH, 
0(CMalkyl). NH2, NH(Ci^alkyl), NH(Ci^aIkyl)2. halo, C»l. NO2. 

10 C02H> C02(Ci^alkyl), CXO)H. and C(0)(Ci^alkyl); 

r3 is selected from the group consisting of hydrogen, fluoro, chloro, bromo, iodo, 
cyano, NR^RC, OR^, C(=0)Ra C02R^, CONRaRC, SRa S(=0)Ra 
S02R^ Ci.ioalkyl, C2.ioaIkenyl, C2.ioaU^yU C3.7cycloalkyl, 4-7 
memberedheterocycloalkyl, cycloalkylalkyl, aiyl, heteroaryl, aiylalkyl, 

15 and heteroarylalkyl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, 

aryl and heteroaryl groups are either unsubstituted or independently 
substituted with 1, 2 or 3 groups selected from fluoro, chloro, bromo, 
iodo, cyano, 0R^ NR^RC 0(C=0)Ra, 0(C=0)NRaRC, NRa(C=0)RC 
NRa(C=0)ORC C(=0)Ra C02R^ CONRaRC cSNRflRC SR^ 

20 S(0)Ra S02R^ S02NRaRC YRd and ZYR^ ; 

r4 is selected from the group consisting of hydrogen, hydroxy, amino, methyl, CF3, 

fluoro, chloro, and bromo; 
r5 and R^ are each independently selected from the group consisting of hydro^, 

fluoro, chloro, bromo, methyl, amino, OR^, OR^, 0(C=0)RC 
25 O(C=0)ORC, and NH(C=0)R<^; 

r7 is selected from the group consisting of hydrogen, OR^, NRbR^, fluoro, chloro, 

bromo, iodo, cyano, nitro, Ci^alkyl, C2»6alkenyl, CF3, and CHF2; 

r8 and R^ are each independently selected from the group consisting of hydrogen, 
Ci_6alkyl, C2.6aU^^nyl> and C2-6alkynyl, 
30 or r8 and r9, when taken together with the carbon atom to which they 

are attached, form a 3-5 membered cycloalkyl ring, 
or r8 and r9, when taken together with the carbon atom to which they 
are attached, form a carbonyl group; 
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RIO is selected from the groiq) consistiiig of hydiogwi, Ci^iQalkyl, C2-ioaIkenylt C2. 
lOallgiiyl, Cs^CTcloallqfl. cycloallgialkyl, axyl, het 
and hetKoatylalkyl, wherein said alk^, alkenyl, alk^^yl, cyclpalkyl, 
cycloalkylall^l, aiyl, het^oaiyl, aiylalkyl and heteroarylalkyi groups 
5 can be optionally substituted ivith a group sdected from chloio, biomo, 

iodo, ORl>, SRb C(=0)Rb or 1-5 fluoio, ' 
orRlO and r1, when taken tog^er with the three intervening caiboh 
atoms to which they are attached, form a 5-6 membered cycloalkyl or 
cycloalkenyl ring which can be optionally substituted with 1 or 2 
10 groups selected from 0x0, hydroxy, or Cj^alkyl; 

R11 is selected from the group consisting of hydrogen and C^^alkyl; 

R^ is selected from the group consisting of hydrogen, Cj^ioalkyl, and phenyl, 

wh^in said alkyl group can be optionally substituted with a group 
selected from hydroxy, amino, 0(Ci^allcjrl), NH(Ci^alkyl), N(Ci. 

IS 4alkyl)2, phmyl, or 1-5 fluoro, and 

wherdn said phrayl groiqps can either be unsubstituted or substituted 
with 1-3 subsdtuents independently selected from the gpxap consisting 
of Ci^alkyl, OH, 0(Ci^alkyl), NH2, NH(Ci_4alkyI), NH(Ci. 
4alkyl)2, halo, CN, NO2, CO2H, CX)2(Ci^alk3d), C(0)H, and 

20 C(0)(Ci^alkyl); 

Rb is selected from the group consisting of hydrogen, Cx.joalkyl, besnzyl and phenyl, 
wherein said phenyl group can either be unsubstituted or substituted 
with 1-3 substiturats independentiy selected jBcom the group consisting 
of Ci^alkyl, OH, 0(Ci^alkyl), NH2, NH(Ci^alkyl), m(Ci. 

25 4alkyl)2, halo, CN, NO2, CO2H, C02(Ci^alkyl), C(0)H, and 

C(0)(CMallcyl); 

RC is selected from the group consisting of hydrogen, Ci.io^^Q^l phenyl, wherein 

said phenyl group can either be unsubstituted or substituted with 1-3 
substituents independentiy selected from the group consisting of Cj. 
30 4alkyl, OH, 0(Ci^alkyl), NH2, NH(Ci^alkyl), NH(Ci_4alkyl)2, 

halo, CN, NO2, CO2H. C02(Ci^alkyl), C(0)H, and C(0)(Ci. 
4alkyl); 

or R^ and R^, whether or not on the same atom, can be taken together 
with any attached and intervening atoms to form a 4-7 membered ting; 
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Rd is selected from the group consisting of NR^RC, OR^, C02R^ 0(C=0)R^ CN, 
NRC(C=0)R^ CONRaRC, S02NR^c, and a 4-7 membered N- 
heterocycloalkyl ring that can be optionally inteimpted by O, S, NR^, 
orC=0; 

5 Y is selected from the group consisting of CR^^rc^ c2_6 alkylene and C2-6 

alkenylene, wherein said alkylene and alkenylene linkers can be 
optionally interrupted by 0» S, or NR^; 
Z is selected from the group consisting of O, S, C=0, 0(C=0), (C=OP, 
NRC(CM))or(C=0)NRC; 
10 and the pharmaceuticallyaccqitable salts thereof. 

In the compounds of the present invention, X is preferably selected 
from the group consisting of O and N-OR^. More preferably, X is selected from the 
group consisting of O, N-OH and N-OCH3. 

In the compounds of the present invention, Rl is preferably selected 
15 from the group consisting of hydrogen and Ci^alkyl, wherein said aliyl group is 

either unsubstituted or substituted with a group selected from OR^ or C(=0)RC. 

In the compounds of the present invention, R^ is preferably selected 
from the group consisting of hydrogen, hydroxy, iodo, and Cx^aUcyl, wherem said 

alkyl group is dther unsubstituted or substituted with a group sdected from ORC or 
20 C(=0)RC 

Jn the compounds of the present invention, R^ is prefmbly selected 
from the group consisting of hydrogen, chloro, bromo, iodo, cyano, Ci^ioallgrl, C2- 
lOaUoroyl* aiyl and het^noaiyl, wherein said alkyl, alkenyl, aryl and heteroaryl groups 

are eith^ unsubstituted or independently substituted with 1, 2 or 3 groups selected 
25 from fluoro, chloro, bromo, iodo, cyano, OR^ NR^RC, C(=0)Ra C02R^. 

NRaC(=0)Rc, CONRaRc CSNR^RC, SRa YRd and ZYRd. 

In the compounds of the present invention, R^ is more preferably 

selected from the group consisting of hydrogen, chloro, bromo, iodo, cyano, Cj. 

lOalkyl and aryl, wherein said alkyl and aryl groups are either unsubstituted or 
30 independently substituted with 1, 2 or 3 groups selected from fluoro, NR^R^, OR^, 

YRd andZYRd 

In the compounds of the present invention, R^ is preferably selected 
from the group consisting of hydrogen, fluoro, hydroxy and methyl; 
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Ib the compoimds of the present invention, and are each 
indepradently preferably selected from the group consisting of hydrogen, fluoio, ^ 
0(C>=p)RCandORa 

In the compounds of the present invention, R^ is more preferably 
5 selected fiom the group consisting of hydrogen and fluoro. 

In the compounds of the present invention, R^ is more preferably 
selected from the group consisting of OR^ and 0(C=0)RC. 

In the compounds of the present invention, R*^ is preferably selected 
from the group consisting of hydrogpn, NRVr^, chloro, bromo, nitro and Cx^alk^. 

10 In the compounds of the present invention, rB and R^ are each 

independently preferably selected from the group consisting of hydrog^ and C^. 

galkyl, or R^ and R^, when taken to^tfi^ witfi the carbon atom to which fhey are 
attached, form a carbonyl gpnxp. 

Jn the compounds of the present invention, R^^ is pref^ably selected 
15 from the group consisting of hydrogra, Ci.ioalkyl, C2-ioalkenyl. Cs^cycloallgrl, 

and cycloalkylallcyl, wherein said alkyi, alkenyl, cycloaDc/l and cycloall^lalkyl groups 

can be optionally substituted with a group selected from OR*^, SR^, C(=0)R^, or 1-5 

fluoro, or R^^ and R^ when taken together with three intervening carbon atoms to 

which they are attached, form a 5-^ membeied cycloalkyl ring which can be 
20 optionally substituted with Cx^alkyl. 

In the compounds of the present invention, R^ ^ is preferably selected 
from the groiqi consisting of hydrogen and Ci^alkyL 

An embodimrat of tiie invention is a method of eliciting an estrogen 
receptor modulating effect in a mammal in need thereof, comprising administering to 
25 the mammal a therapeutically effective amount of any of the compounds or any of the 
above pharmaceutical compositions described above. 

A class of the embodiment is the method wherein the estrogen receptor 
modulating effect is an antagonizing effect. 

A subclass of the embodiment is the method wherein the estrogen 
30 receptor is an ERa receptor. 

A second subclass of the embodiment is the method wherein the 
estrogen recqptor is an ERP receptor. 

A third subclass of the embodiment is the method wherein the estrogen 
receptor modulating effect is a mixed ERa and ERP receptor antagonizing effect 
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A second class of the embodiment is the method wherein tiie estrogen 
iecq>tor modulating effect is an agoiiizing effect 

A subclass of the embodiment is the methcxl wfaerdn tl^ 
receptor is an ERa xeceptor. \ 
5 A second subclass of Ifae embodiment is the niettiod whdre^n t^^^^ 

estrogen receptcn: is an EElp rec^tor. T ■ v " 

A third subclass of the embodiment is the metfiod whofdn the estrogm 
receptor modulating effect is a mixed ERa and ERP receptor agonizing effect 
A third class of the embodiment is the method wherein the 
10 ERa recq>tor is an agonizing and antogonizing effect 

A fourth class of the embodiment is the method wherein the 
ERP receptor is an agonizing and antogonizing effect 

A fifth class of the embodimmt is the method wherein the estrogen 
receptor modulating effect is a mixed ERa and ERP receptor agonizmg and 
IS antogonizmg effect 

Another embodiment of the invention is a mediod of treating or 
pieventing hot flashes in a mftmnial in need thoceof by administering to the mammal a 
tfaer^utically effective amount of any of the c(»npounds or pharmaceutical 
compositions desacibed above. 
20 Another embodiment of the invention is a method of treating or 

pieventing anxiety in a inaminal in need thereof by adininistering to the inammal a 
therapeuticaUy effective amount of any of the compounds or pharmaceutical 
compositions described above. 

Another embodiment of the invention is a method of treating or 
25 pieventing depression in a mammal in need thereof by administering to the mammal a 
therapeutically effective amount of any of the compounds or pharmaceutical 
compositions described above. 

Exemplifying the invention is a pharmaceutical composition 
comprising any of the compounds described above and a pharmaceutically acceptable 
30 carrier. Also exemplifying the invention is a pharmaceutical composition made by 
combining any of the compounds described above and a pharmaceutically acceptable 
carrier. An illustration of the invention is a process for making a pharmaceutical 
composition comprising combining any of the compounds described above and a 
pharmaceutically acceptable carrier. 
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Further exei^plifying the inventioii is die use of any of the compounds 
described above in the preparation of a medicament for the treatment and/or ~: } 
prevention of osteoporosis in a mammal in tiftftd tfietenf Still fiir^^ 
the invention is the use of any of the compounds described above in die p(itq>aration of 
S a m^cament for the treatmrat and/or prevention of: bone loss, bone msoiiptibn, bon 
firactures, caitilage degeneration, endometriosis, uterine fibroid disease, Intast cmder, 
uterine cancer, prostate cancer, hot flashes, cardiovascular disease, impairment of 
congnitive functioning, cerebral degenerative disorder, restenosis, vascular smooth 
muscle cell proliferation, incontinence, and/or disorders related to estrogpn 
10 functioning. 

The present invmtion is also directed to combinations of any of the 
conqpounds or any of the pharmaceutical conq)ositions described above with one or 
more agents useful in the prevention or treatment of osteoporosis. Fbr example, the 
coiqpounds of die instant invention may be effectively administered in combination : 

15 with effective amounts of other a^ts such as an organic bisphosphonate or a 

cathepsin K inhibitor. Nonlimiting examples of said organic bisphosphonates include 
alendronate, clodronate, etidronate, ibandronate, incadronate, minodronate, 
neridronate, risedronate, piridronate, pamidronate, tiludronate, zoledronate, 
pharmaceutically acceptable salts or est^ thereof, and mixtures thereof. Preferred 

20 organic bisphosphonates include alendronate and pharmaceutically acceptable salts 
and mixtures thereof. Most preferred is alradronate monosodium trihydrate. 

The precise dosagp of the Usphonate will vary with the dosing 
schedule, the oral potency of die particular bisphosphonate chosen, the age, size, sex • 
and condition of the mammal or human, the nature and severity of the disorder to be 

25 treated, and other relevant medical and physical factors. Thus, a precise 

pharmaceutically effective amount caimot be specified in advance and can be readily 
determined by the caregiver or clinician. Appropriate amounts can be determined by 
routine experimentation from animal models and human clinical studies. Generally, 
an appropriate amount of bisphosphonate is chosen to obtain a bone resorption 

30 inhibiting effect, i.e. a bone resorption inhibiting amount of the bisphosphonate is 
administered. For humans, an effective oral dose of bisphosphonate is typically from 
about 1.5 to about 6000 /ig/kg body weight and preferably about 10 to about 2000 
^ig/kg of body weight 

For human oral compositions comprising alendronate, 

35 pharmaceutically acceptable salts thereof, or pharmaceutically acceptable derivatives 
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thereof, a unit dosagp typicaUy coic^irises from about 8.75 mg to about 140 mg of the 
alendronatB compound, on an alendronic acid active weight basis, i.e. on the basis of 
the cooesponding acid. 

For use in medicine, the salts of Ae compounds of tfiis mventicm lefer 

5 to non-toxic "pharmaceuticany acceptable salts." Other salts may, however, be useful 
in the preparation of the compounds accordmg to the invention or of their 
pharmaceuticany acceptable salts. When flie compounds of the present invention 
contahi a basic group, salts encompassed within the term "pharmaceuticaUy 
acceptable salts" refer to non-toxic salts which are generally prepared by reacting the 

10 fiee base with a suitable organic or inorganic add. R^jresentative salts mclude the 
following: acetate, benzenesulfonate, benzoate, bicarbonate, bisulfate. Wtartrate, 
boratei bromide, calcium, camsylate, carbonate, chloride, clavulanate, citrate, 
dihydtochloride, edetale, edisylate, estolate. esylate. fumarate, gluceptate, gluconate, 
glutamate, glycoUylarsanilale, hexylresordnate, hydrabamme, hydrobromide, 

15 hydrochloride, hydroxynaphflioate, iodide, isothionate, lactate, lactoWonate, lanrate, 
malale. maleate, mandelate, mesylate, mefliylbromide, mefliytoitrate, mediylsulfBte, 
mucate, napsyiate, nitrate, N-metiiyl^ucamine ammonhim salt, oleate, oxalate, 
pamoate (eanbonate), pahnitale, pantotiienate, phosphate/diphosphate, 
polygalacturonate. saUcylale. stearale. sulfate, subacetate, sucdnate, tannate, tartrate, 

20 teoclale, tosylate, triethiodide and valerate. Furthermore, where the compounds of the 
mvention carry an addic moiety, suitable pharmaceuticaUy acceptable salts thereof 
may include alkaH metal salts, e.g., sodium or potassium salts; alkaline earth metal 
salts, e.g., caldum or magnesium salts; and salts formed witii suitable organic ligands. 

e.g., quaternary ammonium salts. 
25 The compounds of the present invention can have diiral centers and 

occur as racemates, racemic mixtures, diastereometic mixtures, and as individual 
diastereomers, or enantiomers with aU isomeric forms bemg included m the present 
mvention. Therefore, where a compound is chiral, the s^arate enantiomers, 
substantially free of the other, are included wittiin tiie scope of the invention; further 
30 included are all mixtores of the two enantiomers. Also included within the scope of 
the invention are polymorphs, hydrates and solvates of the compounds of the instant 
invention. 

The present invention includes within its scope prodrugs of the 
compounds of this mvention. In general, such prodmgs will be functional derivatives 
35 of the compounds of this invention which are readily convertible in vivo into tiie 



15- 



-wo 0178^23 TC]r/US01/04«31 



lequiied compound. Hius» in the methods of treatment of the present invention, the 
temi *'administedng" shaU enconq>ass the tceatment of the various conditions 
described with the compound spedlBcally disclosed or with a compound which 
not be specifically disclosed, but which converts to ttie specified compound in vivo 
5 aftor administration to the patient Conventional pn)cedures for the selection and 
preparation of suitable prodrug derivatives are described, for example, in "Design of 
Prodrugs," ed H. Bundgaard, Elsevier, 198S, which is incorporated by reference 
herein in its entirety. Metabolites of these compounds include active species 
produced upon introduction of compounds of this invention into the biological milieu. 
10 The team "therapeutically effective amount" shall mean that amount of 

a drug or pharmaceutical agent that will elicit the biological or medical response of a 
tissue, system, animal or human that is being sought by a researcher or clinician. 

The term 'lx>ne resorption," as used herein, refers to the process by 
which osteoclasts degiade bone. 
IS The tem^alkyrshaU mean a substituting uiiivalent group derived by 

conceptual removal of one hydrogen atom from a straight or branched-<:hain acyclic 
saturatedjiydrocarbon (i.e., -CH3, -CH2C3H3, •<3l2CH2CH3, -CHfCa^, 

-CH2CH2CH2CH3, ^2CH(CH3)2, -CiPRsh ^.)- 

The term "alkenyr* shall mean a substituting univalent group derived 
20 by conceptual removal of one hydrogen atom fix>m a straigjit or branched-chain 

acyclic unsaturated hydrocarbon containing at least one double bond (i.e., -CH=CH2, 
-CH2CH=CH2, -CH=CHCH3, -CH2CH=C(CH3)2, etc.). 

The term '^alkynyr shall mean a substituting imivalent group d^ved 
by conceptual removal of one hydrogen atom fiom a straight or branched-chain 
25 acyclic unsaturated hydrocarbon containing at least one triple bond (i.e., -C^CH, 
-CH2OH, -OCCH3, -CH2CM:CH2(CH3)2, etc.). 

The term "alkylene" shall mean a substituting bivalent group derived 
firom a straight or branched-chain acyclic saturated hydrocarbon by conceptual 
removal of two hydrogen atoms from different carbon atoms (i.e., -CH2CH2-. 
30 .CH2CH2CH2CH2-, -CH2C(CH3)2CH2-, etc..). 

The term "alkylidene" shall mean a substituting bivalent group derived 
from a straight or branched-chain acyclic saturated hydrocarbon by conceptual 
removal of two hydrogen atoms from the same carbon atom (i.e., =CH2, =CHCH3, 
=C(CH3)2,etc.). . 
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The tern "aUasoyiene" shaU mean a substituting bivalent group derived 
ftom a straight orbrandu«tchain acyclic unsaturated hydrocaibon by conceptual 
removal of two hydrogen atoms from diflferent carbon atoms Ci-e., -CH=CH-, 
-CBt2C2I=CH-, CH2CH=CHCH2-. -C(CH3>=C(CH3)-, etc.). 
5 The term "cycloalkyr shaU mean a substitoting univalent group 

daived by conceptual removal of one hydrogen atom from a satimted monocycUc 
hydrocarbon (i.e., cyclopropyl, cyclobutyl. cyclopentyl. cyclohexyl. or cycloheptyl). 

The term "cycloalken^" shall mean a substituting univalent group 
derived by conceptual removal of one hydrogpn atom from an unsaturated monocycUc 
10 hydrocarbon containing a double bond (i.e.. cyclopentenyl or cyclohexenyl). 

Tlie tetm "hetHocycloalkyr shaD mean a substituting univalent group 
derived by conceptual removal of one hydrogen atom from a heterocycloalkane 
wherein said heterocycloalkane is derived from the corresponding saturated 
monocycUc hydrocaibon by replacing one or two carbon atoms with atoms selected 
15 fiomN,OorS. Examples of heterocycloaUcyl groups include, but are not Umited to. 
oxiianyl, azetidinyl, pynoUdinyl, piperidinyl, piperazinyl, and morphoUnyl. 
Heterocycloalkyisubstituentscanbeattachedatacarbonatam. If tiiesubstituentisa 
nitrogen containing heterocycloalkyl substituent. it can be attadied at the nitrogpn 
atom. 

20 Tlie term "aryl" as used herein refers to a substituting univalent group 

derived by conceptual removal of one hydiogpn atom from a monocycUc or bicycUc 
aromatic hydrocarbon. Examples of aryl groups are phenyl, indenyl. and naphthyl. 

Hie term "heteroaryr as used herein refers to a substitoting univalent 
group derived by the conceptoal removal of one hydrogen atom from a monocycUc or 

25 bicycUc aromatic ring system containing 1, 2. 3. or 4 heteroatoms selected from N, O, 
or S. Examples of heteroaryl groups include, but are not Umited to. pyrrolyl. fiiryl. 
thienyl, imidazolyl. pyrazolyl, oxazolyl, isoxazolyl, thiazolyl, pyridyl. pyrimidinyl. 
pyrazinyl. benzimidazolyl. indolyl. and purinyl. Heteraryl substituents can be 
attached at a carbon atom or tiuxjugh the heteroatom 

30 In the compounds of die present invention, aDcyl. alkenyl. alkynyl, 

aUcyUdene. aUcenylene, cycloaUcyl, cycloaUcenyl. heterocycloalkyl, aryl and heteroaryl 
groups can be further substituted by replacing one or more hydrogen atoms by 
alternative non-hydrogen groups. These include, but are not Umited to. halo, hydroxy, 
mftrcapto, amino, carboxy, cyaao and carbamoyl. 
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WheDcver the term "alkyl" or "ai^" or either of thrir prefix roots 
appear in a name of a substituent (e.g., aiyl Co-g allc^) it shall be interpreted as 

including those limitations given above for "alkyl" and "aryL" Designated numbers of 
carbon atoms (e.g., Ci-io) shall refer independently to the number of carbon atoms in 

5 an alkyl or cyclic alkyl moiety or to the alkyl portion of a larg^ substituent in which 
alkyl appears as its prefix root 

The terms "arylalkyl" and "alkylaryl" include an alkyl portion where 
alkyl is as defined above and to include an aryl portion where aryl is as defined above. 
Examples of arylallcyl include, but are not limited to, benzyl, fluorobenzyl, 
10 chlorobenzyl, phenylethyl, phenylpropyl, fluorophenylethyl, chlorophenylethyl, 

thienylmethyl, thienylethyl, and thienylpropyl. Examples of alkylaryl include, but are 
not limited to, toluyl, etfaylphenyl, and propylphenyL 

The term 'lieteroarylalkyl,** as used herein, shall refer to a system that 
includes a heteroaryl portion, where heterparyl is as defined above, and contains an 
IS all^ portion. Examples ofhetoroarylalkyl include, but are liinited to, pyddyi^ 
pyddyletfayl and imidazoylmethyl. 

The term "cycloalkylalkyl," as usedhetdn, shall refer to a system that 
includes a 3- to 8-membered fully saturated cyclic ring portion and also includes an 
alkyl portion, wherein cycloalkyl and alkyl are as defined above. 
20 In the compounds of the present invention, Rl and can be taken 

together with the carbon atom to which they are attached to form a 3-6 membered 
ring. 

In the compounds of die present invention, R^ and Rb can be taken 
together with any of the atoms to which they may be attached or are between them to 
25 form a 4-6 membered ring system. 

The term "halo" shall include iodo, bromo, chloro and fluoro. 

The term "oxy" means an oxygen (O) atom. The term "thio" means a 
sulfiir (S) atom. The term "oxo" means =0. The term "oximino" means the =N-0 
group. 

30 The term "substituted" shall be deemed to include multiple degrees of 

substitution by a named substitutent Where multiple substituent moieties are 
disclosed or claimed, the substituted compound can be independently substituted by 
one or more of the disclosed or claimed substituent moieties, singly or plurally. By 
independently substituted, it is meant that the (two or more) substituents can be the 

35 same or different 
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Under standard nomnenclatme used throughout this disclosure, Ihe 
tenninal portion of the designated side chain is described first, foUowed by the 
acyacent functionaHty toward the point of attachment For exan^le, a Ci-5 
alk^carixmylamino Ci^ alkyl substituent is equivalent to 

O 

^ -Ci-eaftyl-Na-C-Ci-salkyl 

In choosing compounds of the present invention, one of ordinary skiU 
in the art will recognize that the various substituents, i.e. R1, R^, R3, R^ r5, r6, r7, 
r8, r9, Ra Rb RC^YRd and ZYR<i are to be diosen in confonnity with well-known 

principles of chemical sttucture connectivity. 
IQ Representative compounds of the present invention typicaUy display 

submicromolarafiBnityfor alpha and/or beta estrogpnreceptois. Compounds of this 
mvention are therefore useful in treating mammals suffering fiom disorders related to 
estrogen functioning, pharmacologically effective amounts of the compound, 
including the pharmaceulicaUy effective salts thereof, are administered to the 
15 mammal, to treat disorders related to estrogen fuiictioning, such as bone loss, hot 

flashes and cardiovascular disease. 

The compounds of the present invention are available in racemic form 
or as individual enantiomers. For convenience, seom structures are graphically 
represented as a single enantiomer but, unless otherwise indicated, is meant to include 
20 both lacCToic and enantiomeric forms. 







It is gpneiaUy preferable to administer compounds of structure (I) as 
25 enantiomerically pure formulations since most or aU of the desired bioactivity resides 
with a single enantiomer. Racemic mixtures can be separated into their individual 
enantiomers by any of a number of conventional methods. These include chiral 
chromatography, derivatization with a chiral auxiliary foUowed by separation by 
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chtomatography or crystallization, and fractional crystallization of diasteieomeric 
salts. 

llie coii^mids of the presrat invention can be 
with oflier agents usefiil for treating estro^-mediated conditions. The individual 
5 con^onents of such conibinations can be administered separately at different times 
during the course of therapy or concurrently in divided or single combination forms. 
The instant invention is therefore to be unda:stood as embracmg all such regimes of . 
simultaneous or alternating treatment and the term "administering" is to be interpreted 
accordingly. It will be understood that the scope of combinations of the compounds 

10 of this invention with other agents usefial for treating estrogen-mediated conditions 
includes in principle any combination with any pharmaceutical composition useful for 
treating disorders related to estrogpn functioning. 

As used h^n, the term "composition" is intended to encompass a 
product coioprising the specified ingredients in the specified amounts, as well as any 

IS product which results, directly or indirecfly, from combmation of the specified 
ingredients in the spcdSed amounts. 

The compounds of the present invention can be administered in such 
oral dosage forms as tablets, capsules (each of which includes sustained release or 
timed release formulations), pills, powders, granules, elixers, tinctures, suspensions, 

20 syrups and emulsions. likewise, they may also be administered in intravenous (bolus 
or infusion), intraperitoneal, topical (e.g., ocular eyedrop), subcutaneous, 
intramuscular or transdermal (e.g., patch) form, all using forms well known to those 
of ordinary skfll in the pharmaceuticail arts. 

The dosage regimen utilizing the compounds of the present invention 

25 is selected in accordance with a variety of factors including type, species, age, wtigjht, 
sex and medical condition of the patient; the severity of the condition to be treated; 
the route of administration; the renal and hepatic function of the patient; and the 
particular compound or salt thereof enq)loyed. An ordinarily skilled physician, 
veterinarian or clinician can readily determine and prescribe the effective amount of 

30 the drug required to prevent, counter or arrest the progress of the condition. 

Oral dosages of the present invention, when used for the indicated 
effects, will range between about 0.01 mg per kg of body weight per day (mg/kg/day) 
to about 100 mg/kg/day, preferably 0.01 to 10 mg/kg/day, and most preferably 0.1 to 
5.0 mg/kg/day. For oral administration, the compositions are preferably provided in 

35 the form of tablets containing 0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 25.0, 50.0, 
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100 and 500 nriffigrams of the active ingredient for the symptomatic adjutoiit of the 
dosagetothepatienttobetreated. A medicament typicaUy contains ftcm^ 
mg to about 500 mg of the active ingredient, pieferaMy. to a^ 
mg of active mgredient Intravenously, the most preferred doses voU range from 
5 about 0 1 to about 10 mgflcg/minute during a constant rate infusion.; AdvMita^)^^^^^ 
compounds of the present invention may be administeredina^edaay dose, or the. ^ 

total daily dosage may be administeied in divided doses of two, three four tmies 
daily Furthermore, preferred compounds for the present invention can be 

administered in intranasal form via topical use of suitable intianasal vehicles, or via 
10 transdermalroutes.usingtho8eformsoftransdenndakinpatch^ 

ofordinaryskillinthearL To be admmistered in the form of a transdermal dehvery 
system, the dosage administration win. of course, be continuous rather than 

intennittant throu^out tiie dosage regimen. 

In die methods of the present invention, die compounds herein 
15 described in detail can form die active ingredient, and are typicaUy administered in 
admixture vwth suitable pharmaceutical diluents, exdpients or carriers (collectivdy 
referred to herdn as 'carrier' materials) suitably selected mtii respect to the intended 
form of administration, tiiat is. oral tablets, capsules, elixirs, syrups and the lite, and 
consistent with conventional pharmaceutical practices. 

For instance, for oral administration in die form of a tablet or capsule, 
tfie active drug component can be combmed witii an oral, non-toxic . pharmaceutically 
acceptable, inert carrier such as lactose, starch, sucrose, glucose, methyl ceUulose. 
magnesium stearate, dicalcium phosphate, calcium sulfate, mamutol, sorbitol and tiie 
like- for oral administration in liquid form, the oral drug components can be combmed 
25 witil any oral, non-toxic. pharmaceuticaUy acceptable inert earner such as ettianol, 
glycerol water and die like. Moreover, when desired or necessary, suitable binders, 
lubricants, disintegrating agents and coloring agents can also be incorporated into the 
mixture Suitablebindersincludestarch.gelatin.naturalsugarssuchasglucoseor 
beta-lactose, com sweeteners, natural and syntiietic gums such as acacia, tragacantii or 
30 sodimn alginate, carboxymetiiylcellulose. polyetiiylene glycol, waxes and the hke. 
Lubricants used in these dosage forms include sodium oleale. sodium stearate. 
magnesium stearate. sodimn b«izoate. sodium acetate, sodium chloride and the hke. 
Disintegrators include, without limitation, starch, metiiyl cellulose, agar, bentomte. 
xantiian gum and the lite. 



20 
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The compounds of the present invention can also be administered in ^ 
the form of liposome delivery systems, such as small unilamellar vesicles, large 
unilamellar vesicles and multilameUar vesicles. liposomes can be formed firbm a • ^ 
variety of phospholipids, such as cholesterol, stearylamine or phosphsddylcholines. 

S Con^unds of the present invention may also be delivered by tibe iise 

of monoclonal antibodies as individual carriers to which the comfbund molecules axe 
coupled. Jhe compounds of the present invention may also be coiq)led with soluble 
polymers as targ^ble dmg carriers. Such polymers can include 
polyvinylpyrrolidone, pyran copolymer, polyhydroxypropylmethacrylamide-phenol, 

0 pol)*ydroxy-ethylaspartamide-phenol, or polyethyleneoxide-polylysine substituted 
with pahnitoyl residues. Furttiennore, the compounds of the present invention may be 
coupled to a class of biodegradable polym^ useful in achieving controlled release of 
a drug, for example, polylactic add, polyglycolic acid, copolymers of polyactic and 
polyglycolic acid, polyepsilon caprolactone, pol^ydroxy butyric acid, 

5 polyorthoesters, polyacetals, pqlydihydropyrans, polycyanoacrylates and crosslinked 
or anqphipathic block cqpolymcas of hydrogds. 

The novel conq)ounds of the present invention can be prepared 
according to the procedure of the following schemes and examples, using appropriate 
materials and are further exemplified by the following specific examples. The 

0 compounds illustrated in the examples are not, however, to be construed as forming 
the only genus that is considered as the invention. The following examples further 
illustrate details for the preparation of the compounds of the present invention. Those - 
skilled in the art will readily understand that known variations of the conditions and 
processes of the following preparative procedures can be used to prepare these 

5 compounds. All temperatures are degrees Celsius unless otherwise noted. 

The compounds of tiie present invention are prepared according to the 
general methods outlined in Schemes I-VIIL In these schemes, represents one or 
more of R^, R^, r6, and R^, or precursors thereof; R^^ and R^ represent non- 
hydrogen values of R^, r5. r6, or r7, or precursors thereof; CHR%^ and 

0 CR^=CR^^'^^^* represent non-hydrogen values of rIO, or precursors thereof; R^ 
represents R^ or a precursor thereof; R^ ^ and R^ represent non-hydrogen values 
of r3, or precursors thereof; R^^, R^ and CH(OH)R^<^ represent non-hydrogen 
values of r1 and r2, or precursors thereof; R^ represents non-hydrogen 
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represents a non-hydrogen value of r8 or r9; RVnr«piesents OR^ andNR^b; 
represents hydrogssn or aCi.5 alkyl group. 

TTie fundamental methods for construction of 9arsubstituted l^^^a- 
tertrahydto-3H-fluQim-3^e compounds are iUustialed in Scheme I. and are based on 

5 chemistrydescribedbyCiagoe.erflL./.Meda«ml!W^^ 

Scheme I. a 2-substituted-l-indanone (lb) is reacted with a vmyl ketone m the 
presenceofbasetoprovidethedikBtone(2). The diketone is then cyclized (step 2) 
nnder basic or addic conditions to provide the tetiahydrofluorenone product (3a). 
Alternatively, a 2.alkyliden^l-indanone of type (la), wherein R^ is a carbon atom 

10 substitutedwithatleastonehydrogenatom.reactswithavinyikBtonemthepresence 

ofbasetogivethediketone(4). CycUzation of this intermediate afibrds a 9a-vmyl 
substituted tetiahydrofluorenone (5). Instep l,ifoneofR^isNHAc.italsoreacts 
wi&thevinyllKtonetoformaniV^2CH2COCH2R^derivative. TWsgroup.a8 
weU as the acetyl group, can be removed atalaterstagpusmg excess sodium 

15 hydroxide meflianoL cu t 

Representative reagjmts and reaction conditions indicated m Scheme I 

as steps 1 and 2 are as follows: 

Step 1 CH2=CHC(0)CH2R«'. DBN. THF. rt to60°C or 
20 CH2=CHC(0)CH2R«'. NaOMe. MeOH. rt to60°C 

Step 2 NaOH.H20.MeOHorEtOH.rtto85°Cor 

pynolidme, HOAc, THF or PhMe. 60-85°C or 
6NHaHOAc.90-10(yC 

25 
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Hie indanone starting materials (la) and (lb) of Scheme I are either 
known compounds or they can be prepared by conventional methods as outlined in 
Scheme H Steps 1-3 of Scheme D, which produce the 2-substituted-l-indahones (lb), 
are described in Cragoe. etaLJ.Med. Chem, 1982, 25, 567-579 and rcftiences cited 
5 therein, and in Cragoe, et aL, J. Med. Chem. 1986, 29, 825-841. Tlie 2^Kdene-l- 
indanones (la) are prepared by reacting 2-un8ubstitulied indanones (9) wilh aldehydes 
or ketones under basic conditions. Reduction of the double bond (st^ 5) amsds the 
indanone (lb). Steps 4 and 5 of Scheme n can be corat»ned to to provide (lb) 
directly ftom (9). Alternatively, 2-sub8tituted indanones (lb) are obtained by reacting 
10 indanones (9) with suitable alkylating agents in the presence of a base (step 6, Scheme 
IQ, Numerous 2-unsubstituted-l-mdanone starting materials of type (9) are known 
and oflier examples can be prepared by procedures analogous to those used to prepare 
■ the known compounds. 

Representative reagrats and reaction conditions indicated in Scheme n 

15 as steps 1-6 are as follows: 

stt?>i RfflR^caicH2CX)a,Aia3,cH2a2.o°ctort 

step 2 CH2(NMe2)2.Ac20,95''CorHCHO,K2C03,MeOH,rt 
Step 3 H2SO4,0°Cto50'»C 



20 



Step 4 R'^COR^', KOH or NaOMe, EtOH, 0°C to rt or 
LDA, THF, -78°C then R«COR^^ -78°C to rt 
25 when R^COK"^ is an aldehyde 

Rl^COR^K LiN(iPr)2. HMPA, -78'>C to rt 
when R^COR™ is a ketone 

30 Step 5 H2. 10% Pd/C or 20% Pd(OH)2/C, EtOH or EtOAc, rt 

Steps 4 and 5 can be combined 

R^^COR^^, KOH, H2, 10% Pd/C, EtOH, rt or 
35 Ri^COR'^^, NaOMe, H2. 20% Pd(0H)2/C, EtOH, rt 
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Step 6 R^^CHX, NaH, DMF, O^C to rt 
where X is Br, I, or OSO2CF3 

5 SCHEMEn 




I slep3 




.(9) (la) (1b) 



I step 6 
(9) 

When the indanones (9) and (lb) contain one or two open sites 
10 adjacent to an election donating group such as OCH3 or NHAc, the aromatic ring 

can be further fiinctionalized as outlined in Scheme lEL Electrophilic aromatic 
substitution (step 1 of Scheme ID) introduces one or two new substituents R^'^^ ortho 
to the R^ group. Certain R^^ groups can be further transformed (step 2 of Scheme ID) 
to a wide variety of new substituents R^ using well established methods. For 
15 example, intermediate (1 la) wherein R^^ is bromo is converted to derivatives (1 lb) 
wherein R* is alkyl or alkenyl using Stille or Suzuki coupling procedures. If R^^ of 
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(11a) is a nitro group, catalytic hydrogenation provides the coiiesponding amino 
derivative which can be acetylated to provide intennediate (lib) wheran is 
NHAc. The substituted indanones (11a) and (lib) are converted into the 
tetrahydrofluorenones (3b) and (3c) by the procedures previously described in Scheane 
5 L Certain groins can be furthar manipulated. For example, leAjction of a vinyl 
group affords an alkyl group, and an ammo group can be acylated or diazolized and 
converted to other groups such as OR". 

R^nesentative leagmts and reaction conditions indicated in Sdirane 

m as st^ 1 and 2 are as follows: 

10 

Stepl NCS,MeCNorDMF,rtto60"^or R'« = a 

NBS,MeCNorDMF,rttq60°Cor R^« = Br 

HNO3,H2SO4,-20''Cor90%HNO3,0''C R'a = N02 



15 Step 2 Stille and Suzuki couplings on R*» = Br 

Me4Sn, Pda2(PPh3)2. liQ, DMF, lOO"^ or R» =Mb 

Bu3SnC3tCH2, Pd(PPh3)4, PhMe. 100*0 or R* = CH=CH2 

PhB(OH)2,Pd(PPh3)4.Cs2CX)3,DMF.100*C R» = Ph 

20 Reduction of R'" = NO2 

H2, 10% Pd/C, EtOH or EtOAc, rt R* = NH2 
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5 TetrahydrofluQtenones of types (3a), (3b) and (3c) wherein is 

hydrogen can be functionalized at the 4-position by the methods illustrated in Scheme 
IV for compound (3a). Bromination or iodination (st^ 1) affords the 4-halo 
intennediates (3d). These compounds can be converted (step 2) by known methods 
into a variety of new derivatives (3e) wherein is alkyl, alkenyl, alkynyl, aryl, 

10 heteroaryl, CN, OR^, NR^NRb, and SR^ If the group is, or contains, a 

functional group capable of further modification, this can be carried out to produce 
additional derivatives. For example, a R^^ cyano group can be hydrolyzed to a 
caifooxyl group which in turn can be converted to carbamoyl groups. 

Representative reagents and reaction conditions indicated in Scheme 

IS IV as steps 1 and 2 are as follows: 

Stepl NCS,CCl4,rt R^fl = Cl 
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Bt2, NaHCOj, CE^2 w CCI4. 0"C to rt or Rn^=Br .y y 
I2, NaHCOs, Hp, CEtAi. rt JRg=I,-;^g;g 

Step 2 R'VfcSnBus, PdazCPPhsfe, PhMe. 100-110'>C or R'^ =? ^^y^ 
5 R'VfcSiiBu3,Pd(PPh3)4,PhMe,100°Cor , aiTd,OTjtetjao^^ 

R'V&B(0H)2. Pda2(PPh3)2, CS2CO3, DMF, lOO^C or ? ' 
R'V&B(OH)2, PdCPPh3)4. aq Na2C03, PhMe, 80»C 

(R'V&)3B,Pda2(dppf)-CH2Cl2, K^^aSkyl 
10 Ph3As,Cs2CO3,H2O,THF,DMF,60°C 

R'V&Sn(CH2CH2CH2)3N,Pd(PPh3)4. RA* = alkenyl, 

PhMe, lOO'C aMQ'l. ot arylalkyl 



15 



CuCN, NMP, 160°C R'^ = CN 

SCHEMEIV 
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Methods for introduction of siibstituents at the 2-position are 
illustrated in Scheme V for the tetrahydrofluorenone derivative (3a);:These metiiods. : 
apply equally well to other tetrahydrofluorenones such as (3b), (3c), {3d), (3e), and 

5 (5). Li genend tenns, the 2-unsubstituted tetrahydrofluorenone is treated with a strong 
base and the resulting ketone enolate is trapped with an appropriate electrophilic 
reagent (step 1). If the electrophile is an alkylating agent of the type R^^, then both 
monoalkylated (12) and dialkylated products (13a) are obtained, depending on the 
specifics of the reaction conditions. Tlie monoalkylated derivatives (12) can be 

0 convCTted to disubstituted products (13b) by repeating the procedure (step 2) using 
the same or a different electrophilic reagent This well known metiiodology leads to a 
variety of products wherein R^^ and R^ are, inter alia, alkyl, alkenyl, hydroxy, 
bromo, and iodo. The ketone enolate can also be trapped with aldehydes (step 3) to 
afFord 2-alkylidene derivatives (14) and 2-hydroxyalk^ dmvatives (IS). Where 

5 appropriate, the newly introduced 2-substituent can be further manipulated to pnxluce 
additional derivatives. For exanq[)le, an R^^ allyl groi^ can be oxidized to CH2CHO 
which is reduced in a subsequent stqi to CH2CH2OH. 

Scheme V also illustrates a special case of C-2 functionalization tiiat 
provides for 2,9a-hridged products of type (13c). Jn this case, R*''* of (12a) is 

0 hydrogen or R^^ and R^of (12a) is an alkyl group containing an electrophilic moiety 
sichas aniodo,bromo, aldehyde, or keto group. !&iol g^eration at C-2 (step 4) is 
followed by intramolecular reaction at the R^ electrophilic center to afford a Ixtidged 
product of type (13c). This compund can be deblocked or modified and tfara 
deblocked to provide the final product For example, if R^'' is a hydroxy group, 

5 modifications include acylation, oxidation, dehydration, and dehydration followed by 
reduction. 

Representative leag^ts and reaction conditions indicated in Scheme V 
as steps 1-3 are as follows: 

0 Step 1 R^^X, NaH, DMF, 0°C to rt (X = Br, I) or R^« = alkyl, alkenyl 

LDA, IHF, O^C tiien R^^^X, -78*^C to rt 

i) LDA, THF, O^C then TMSCl, -78^C to rt R^*^ = OH 

ii) MCFBA, NaHCOa, CH2CI2, rt 
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I2, pyridine, (M^"^!' ^ to 60"*C or 
LDA, THF, 0°C then I2, -TS'C to rt 



Step 2 same as step I except use R^X to introduce 
a diffnent alk^ or aUoratyl group 



10 



Step 3 RVi=CHO, KOH, MeOH or EtOH, rt or 

IDA, THF, 0°C then RVScCHO, -78°C to rt or 
EtOCHO, NaH, PhH, rt (gives 14, RV!^ = OH) 



Step 4 LDA, TEJF,-78°C tort or NaH, DMF,0°C tort 
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Alkyl substiturats are introduced at the 1-position of tte . 
tetrahydrofluQrenoneplatfQnn as outlined in Scheme VI In 
step 1, oxidation of the cyclohexenone ring provides the cyclohexadiienone (16). 
5 Altemalively» (16) is prepared by base tzeatmmt of the 2-bromo or 2-iodb derivatives 
(12). Treatment of the dienone intermediate with an appropriate oz]ganometallic 
spedes serves to install the C-1 substituent R^. 

Representative reagents and reaction conditions indicated in Scheme 
VI as steps 1-3 are as follows: 

10 

Stepl DDQ, dioxane, 80-1 

Step 2 DBN.DMSO,80-100^C 

15 Step 3 RV?MgBr.OiBr»SMe2,THF,-78°CtortQr 

RWjCuU. Et^O or THF, -50^C to O^^C 

SCHEME VI 




(17) 
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3-Substituted-14ndanones of type (18), which are known or can be 
prepared by the route described in /. Med. Cherru 1981, 24, 457-462, aie converted to 
5 9-substituted tetrahydrofluorenones of types (20a) and (20b) by the methods outlined 
in Scheme VIL Reductive alkylation (step 1) of (18) with the appropriate aldehyde 
affords intermediate (19) which is deblocked and cyclized under acidic conditions 
(step 2) to afford the product (20b). Alternatively, compound (18) can be converted to 
the 9-substituted tetrahydrofluorenone product (20a) using procedures previously 

10 described in Schemes I and n. This methodology is also used to prepare 9,9a- 

unsubstituted derivatives (20b) wherein R^is hydrogen and, by extension to 33- 
disubstituted-l-indanones, 9,9-disubstituted tetrahydrofluorenone derivatives. Also 
shown in Scheme vn is a method for preparing 9-oxo tetrahydrofluorraones (23 ) 
fiom indan-13-diones (22), which are available by condensation of phthalates (21) 

IS with the impropriate ketone. 

Representative reagjents and reaction conditions indicated in Sch^ne 
vn as steps 1-3 are as follows: 

Step 1 OHCCH2C(OCH2CH20)CH2R^. KOH, EtOH, rt, 
20 then H2. 10% Pd/C EtOH, rt 

Step 2 6N HQ, HOAc, 125°C 

Step 3 (R^^^R^CHCH2)2CO, NaH, DMF, rt 

25 
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SCHEME Vn 




(21) (22) (23) 



5 ModijBcations to the C-3 ketone are outlined in Scheme Vin for the 

tetrahydrofluoienone derivative (3a). The methodology also applies to the other 
tetrahydrofluorenone products prepared according to Schemes m-VIL In step 1, the 
ketone is reacted with a hydroxylamine, alkoxyamine, or hydrazine reagent to yield 
the S-imino product (24). Products are typically obtained as separable mixtures of £- 
10 and Z-isomers about the imino double bond. Ketone (3a) also reacts with ylide 
reagents (step 2) to afford 3-alkylidene derivatives (25). 

Representative reagents and reaction conditions indicated in Scheme 
Vm as steps 1 and 2 are as follows: 
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Step 1 NHjORa^HQ. pyridine, it to 60°C or NHjNRaR^ EtOH, rt 
Step 2 Ph3P+CH2R^Br" BuLi.TEIF,0to50^C 
5 SCHEMEVni 





10 In Schemes I-Vin, the various R groups often contain pn)tected 

functional groups which are deblocked by conventional methods. The deblocking 
procedure can occur at the last step or at an intermediate stage in the synthetic 
sequence. For example, if one of R^ is a methoxyl group, it can be converted to a 
hydroxy! group by any of a number of methods. These include exposure to BBr3 in 

15 CH2CI2 at -78**C to room temperature, heating with pyridine hydrochloride at 190- 
200*^0, or treatment with EtSH and AICI3 in CH2CI2 at 0**C to room temperature. 
Another example involves the use of methoxymethyl (MOM) protection of alcohols 
and phenols. The MOM group is conveniently removed by exposure to hydrochloric 
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acid in aqueous xuetfaanol. Other ivell known protection-depiotection schemes can be 
used to jprevent unwanted reactions of various functional groups contained in the 
various R substituCTts/ ^ 

The following specific examples^ while not limiting, serve to illustrate 
S the methods of preparation of the 1^9,9a4etrahydro-3i7-fluoira-3-one a>mpoun& of 
the present invention. All compounds prepared are racemic, but could be resolved if 
desired using known methodologies. 
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EXAMPUBl 

SYNTHESIS OF4-BROMO--7-HYDROXY-9a-METHYI^l>2,9,9a-TETT^^ 

3g>ELUOREN-3-ONE 



5 




Step 1: 3-hv(froxv-2-methvl-l-r4-(methoxv^henvll-l-pn>panoneand2-mefl^^^ 
(metfaoxv^phenvn-Z-propen-l-one 

10 A mixtures of l-[4-(methoxy)phenyl]-l-piopanoi)te (2.0 g» 12.2 mmol), 

37% foimalddiyde in water (1.1 ml^ 14.6 mmolX and K2CO3 (1.68 g» 12.2 mmol) in 
methanol (12 mL) was stined at room tanperatuie for 4 days, treated with more 
K2C03(lJg), and stilled at room temperature for an additional 3 days. Thenuxtme 
was diluted with EtOAc (50 mL), washed with wat^ (50 mL) and brine (20 mL), 

15 dried over MgS04, filtered, and evaporated undor vacuum to a clear oil (2.43 g),. 
Proton NMR revealed a mixture of 3-hydroxy-2-methyH-[4-(methoxy)phenyl]-l- 
propanone (major), 2-methyH-[4-(methoxy)phenyl]-2-pTopen-l-one (minor), and 
starting material (minor). 

20 IH NMR (0X^3, 500 MHz) 5 1.21 (d, CHj), 3.45 (m, COGH), 3.76 (m, CH^OH), 
3.89 (s, OCH3), 6.96 and 7.99(two m, aryl-JJ). 

Step 2: 5-methoxv-2-methvl-l-indanone 

25 The crude product from step 1 (2.4 g) was added in portions over 10 

minutes to ice-cold, cone. H2SO4. The resulting yellow-brown solution was stirred at 
O^C for L5 hours, then at room temperature for 1 hour, and finally at 50°C for 12 
hours. After cooling to room temperature, the mixture was partitioned between cold 
EtOAc (200 mL) and cold water (200 mL). The organic phase was washed with water 

30 (200 mL) and brine (100 mL), dried over MgS04, filtered, and evaporated under 
vacuum to afford 5-methoxy-2-methyl-l-indanone (1.5 g) as a solid. 
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IH NMR (CDQa, 500 MHz) 5 1.31 (d, Cflj), 2.69 and 3.36 (two dd, 3^2^^ 
(m, 3.90 (s. OCflj), 6.89 (br s, 6.92 (dd, H-6), and 7.71 (d, H-7). 

5 Step 3: S-metfaoxv-2-metfavl"2-f3-oxo-btttyD-l-indanone 

A solution of 5-methoxy-2-methyl-l-indanone (0.5 g, 2.84 mmol) in 
anhydrous tetrahydrofuran (3 mL) was treated with l,8-diazabicyclo[5.4.0]undec-7- 
ene (0.085 loL, 0.57 namol) and methyl vinyl ketone (0.473 mL, 5.68 mmol). The 

10 resulting solution was placed under a nitrogen atmosphm and stirred at room 

tenq[)erature ovemi^t Itie mixture was diluted with EtOAc (25 mL), washed with 
0.2N HCa (25 mL) and farine (10 mL)» dried over MgS04, filtered, and evirated 
under vacuum to a yellow oil (800 mg). The oil was dissolved m CH2CI2 (10 niL) 
and the solution added to a snoiall column of EM silica gel 60 (8 mL). The column 

15 was eluted with CH2CI2 (^^ ^) eluant ev^orated under vacuum to afford 

5-me&oxy-2-methyI-2-(3-oxo-butyl)-l-*indanone (467 mg) as an oil. 

IH NMR (CDCI3, 500 MHz) 5 1.24 (s, CH5), 1.90 (m, Cff2CH2CO), 2.11 (s, 
COCH3X 2.38 (m, CH2Cff2CO), 2.89 and 3.00 (two d, 3-Cfi2). 3.90 (s, OCflj). 6.87 
20 (d, iy-4), 6.93 (dd, ff-6), and 7.70 (d, J?-7). 

Step 4: 7-metfaoxv-9a-methvl-1.2.9.9a-tetrahvdro-3jy-fluoren'3-one ^ 

Pyrrolidine (0.159 mL, 1.9 mmol) and acetic acid (0.109 mU 1.9 
25 mmol) were added to a solution of S-methoxy-2-meAyl-2-(3-oxo-butyl)-l-indanone 
(467 mg, 1.9 mmol) in toluene (5 mL) and the resulting solution was heated in an oil 
bath at 85*^0 for 2.5 hours. After cooling to room temperature, the reaction mixture 
was diluted with EtOAc (20 mL), washed with water (20 mL), 5% NaHC03 (20 mL), 
and brine (10 mL), dried over MgS04, filtered, and evaporated under vacuum to yield 
30 7-methoxy-9a-methyl-l,2,9,9a-tetrahydro-3i?-fluoren-3-one (430 mg) as a light brown 
soUd 

IHNMR 500 MHz) 5 1.31 (s. Cffj). 2.11 and 2.17 (two m, 1-0^2). 2.51 and 

2.65 (two m, 2-CH2), 2.88 (s, 9-CH2)» 3.87 (s, OCffs). 6.15 (s, HA), 6.85-^.89 (m. H- 
35 6 and ff-8), and 7.52 (d, ff-5). 
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Step 5: 4-bn)mo-7"mctfaoxv-9a-methvl-l^>9>9a-tetrahvdr^ 

A mixture of 7-niethoxy-9a-]iietfayl-l^,9,9a-tetrahydn)-3J7^ 
5 one (32 mg, 0.14 mmol) and NaHCX)3 (60 mg, 0.7 mmol) in CH2CI2 (0-^ ^) was 
treated wiA bromine (0.008 mL, 0.154 mmol), and the resulting mixture was stirred at 
room temperature for 22 hours. The mixture was diluted with EtOAc (8 ml), washed 
with dilute aqueous Na2S203 (4 mL) and brine (4 ml), dried over MgS04, filtrered, 
and evaporated under vacuum to a yellow oil (43 mg). This material was purified by 
10 pr^arative layer chromatography on a 0.05 x 20 x 20 cm silica gel GF plate, 

developing twice with CH2CI2, to afford 4-bromo-7-methoxy-9a-methyl-l A9,9a- 
tetrahydro-3fr-fluoren-3-one (20 mg) as a gum. The product was contaminated with a 
trace of 4,6-dibromo-7HD3eAoxy-9armethyl-l,2,9,9a-tetrahydro-30-fluoren-3-oTO^ 

15 IH NMR (CDQa. 500 MHEz) 6 1.33 (s» Cffj), 2.13 and 2.21 (two m, l-Cfla). 2.77 and 
2.84 (two m. 2-CH2). 2.86 and 2.97 (two d. 9-Cff2). 3-89 (s, OCH3), 6.88 (d. ff.8). 
6.93 (dd. and 8.49 (d, ff.5). 

Step 6: 4-bromO'7-hvdn)XV-9a"methvl"L2.9.9artetrahvdro-3H-fluoreO"3-one 

20 

IM BBr3 in CH2CI2 (0.200 mL, 0,2 mmol) was added to an ice-cold 
solution of 4-bn)mo-7-methoxy-9a-methyl-l,2,9,9a-tetrahydro-3£r-fluoren-3-one (10 
mg, 0.033 nomol) in CH2^^ (0*^ °^)' cooling balfa was removed and die 
solution was stirred at room temperature for 30 minutes, then treated with more BBr3 

25 in CH2CL2 (0.5 mL, 0.5 mmol) and stirred at room tempmcture for an additional 60 
minutes. The solution was diluted with EtOAc (10 mL), washed with water (10 mL), 
IN HQ (2 mL), and brine (10 ml), dried over MgS04, filtered, and evq)orated under 
vacuum to an oil. The crude product was purified by preparative layer 
chromatography on a 0.05 x 20 x 20 cm silica gel GF plate, developing with 5% 

30 CH3OH in CH2CI2, to afford 4-bromo-7-hydroxy-9a-methyl-l,2,9,9a4etrahydro-3fl^ 
fluoren-3-K>ne as a gum. 

IH NMR (DMSO-d5, 500 MHz) 5 1.21 (s, CH31 2.02 and 2.12 (two m, 1-CH2\ 2.56 
and 2.79 (two m, 2<:i?2)» 2.78 and 2.88 (two d, 9-CH2). 6.79-6.82 (m, H-6 and ff-8), 
35 and 8.25 (m,H-5). 
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EXAMPLB2 

SYNTIHESIS OP9a-BUTYI^7-^HYDROXY.4-MBmYI^l>2,9,9^^ 
5 3g-ELUOREN-3^NE 



10 




Ste pl: 2-butvl-5-metfaoxv»l>mdanone 



Potassium hydroxide (0.44 g, 85% weight pure, 6.67 mmol) and 10% 
palladium on activated carbon (0.42 g) were added to a mixture of S~metfaoxy-l- 
indanone (5.0 g, 30.8 mmol) and butyraldehyde (3.3 mL, 37 mmol) in ethanol (30 
mL). The resulting mixture was stirred under an atmosphere of hydrogen at room 
IS tempoature for 2 hours. The niixture was filtered and the filtrate evaporated under 
vacuum. The residue was partitioned between EtOAc (200 mL) and water (200 mL) 
containing 2N HQ (S mL). The organic phase was washed with brine (100 mL), 
dried over MgS04, filtered, and evaporated und^ vacuum to afford crude 2-butyl-5- 
metiioxy-l-indanone (7.0 g) as an oil. 

20 

IH NMR (CDa3, 500 MHz) 5 0.93 (t, Cffj), L40 (m, CH2CH21 1.47 and 1.96 (two 
m, CH2). 2.66 (m, H-2), 2.78 and 3.28 (two dd, 3-CH2), 3.90 (s, OC/fj), 6.88-6.94 
(m, and H-6), and 7.70 (d, /?-7). 

25 Step 2: 2-butvl->5-methoxv-2-f3-oxo-pentvlVl"indanone 

A solution of crude 2-butyl-5"methoxy-l-indanone (218 mg, 1 mmol) 
in tetrahydrofuran (THF, 2 mL) was treated with l,8-diazabicyclo[5.4.0]undec-7-ene 
(DBU, 0.030 mL, 0.2 mmol) and ethyl vinyl ketone (EVK, 0.200 mL, 2 mmol). The 
30 resulting solution was stirred under a nitrogen atmosphere at room temperature for 16 
hours, followed by heating in an oil bath at 60°C for 24 hours. Evaporation of the 



-40- 



wo 01782923 



PCTAJS0^04831 



solvent under vacuum left a residue that was shown by NMR to be approximately a 
1:1 mixture of starting material and product The residue was pudJSed by preparative 
layer chromatography on thiee 0.1 x 20 x 20 cm silica ^1 GF plates using 5% EtOAc 
in CH2CI2 ^ developing solvit The product band was eluted with EtOAc to 
S provide 2-bu^-S-metfaoxy-2-(3-oxo-pentyI>l-indanone (84 m£) as an oil^ 

IH NMR (CDCI3, 500 MHz) 5 0.82 (t, CH2CH2CH2CJy3). 0.98 (t, COCH2Ca95), LOS 
and 1.16 (two m, CH2Cfl2CH2CH3), 1.23 (m, CH2CH2CJy2CH3), 1.57 (m, 
Cff2CH2CH2CH3), 1.87 (m, Cff2CH2CO). 2.28 (t, C3l2Cir2C0), 2.33 (m, 
0 COCff2CH3), 2.85 and 3.00 (two d, S-CH^), 3.87 (s, OCfij), 6.86 (d, H-4), 6.89 (dd, 
2?-6), and 7.65 (d,ff-7). 

Step 3: 9a-butvl-7-methoxv>4~methvl~h2.9.9a-tetrahvdn>-3H-fluoren'3K^^ 

5 A solution of 2-butyl-S-medioxy-2-(3-oxo-pentyl)-l-indanone (84 mg, 

0.28 mmol) in acetic acid (0.5 mL) and 6N HCl (0.5 mL) was stirred and heated in an 
oil bafii at lOO'X^ for 21 hours. After cooling to room temperature, the reaction 
mixture was partitioned between EtOAc (20 mL) and water (20 mL). The organic 
phase was washed with water (10 mL),.5% NaHC03 (20 mL). and brine (10 mL), 

3 dried over MgS04, filtered, and evg^rated under vacuum to afford 9a"butyl-7- 
methoxy-4-methyH,2,9,9a-tetrahydro-3H-fluoren-3-one (76 mg) as a gum. 

NMR (CDa3, 500 MHz) 5 0.86 (t, Cfl». 1.16-1.33 (m, CH2CH^, 1.39 and 1.61 
(two m, CH2X 1.99 and 2.24 (two m. l-Cfl^X 2.48 and 2.59 (two m, l-CH^, 2.73 and 
S 2.98 (two d, 9-Cff2)» 3.88 (s, OCffj), 6.85-6.89 (m, ff-6 and H-S), and 7.67 (d, H-S). 

Step 4: 9a-butvl-7-hvdroxy-4-metfavl-1.2.9.9a-tetrahvdro-3g-fluQren-3K)ne 

A solution of 9a-butyl-7-methoxy-4-methyH,2,9,9a-tetrahydio-3Jff- 
) fluoren-3-one (76 mg, 0,267 mmol) in anhydrous CH2CI2 (2 mL) was placed under a 
nitrogen atmosphere, cooled in an ice bath, and stirred while IM BBr3 in CH2CI2 
(0.80 mL, 0.80 mmol) was added by syringe. The cooling bath was removed and the 
mixture was stirred at room temperature for 2 hours. The mixture was partitioned 
between EtOAc (20 mL) and water (20 mL) containing 2N HQ (2 mL). The organic 
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phase was washed with biine (10 mL), dried over MgS04, filtered, and evaporated 
under vacuum to an oil. This material was purified by preparative layer 
chromatography on a 0.1 x 20 x 20 cm silica gel GF plate using 5% MeOH in CH2CI2 
. as the developing solvent The product band was eluted with 10% MeOH in CH2a2 
5 and the eluant evaporated under vacuum to give an oil which was lyophilized from 
benzene to afford 9a-butyl-7-hydroxy-4-methyl"l,2,9,9a-tetrahydro-3H-fluoien-3 
as an amorphous solid. 

NMR (DMSOKle, 500 MHz) 5 0.77 (t. CHj), 1.05-L28 (m, CH2CH2 and 
10 CHoHb), 1.49 (m, CHaHJ), 1.89 and Zll (two m, l^HH, 1.91 (s, 4-CH5). 2.27 and 
2.46 (two m, 2-CH2X 2.61 and 2.87 (two d, 9-CH2), 6.72 (dd, iW), 6.75 (d. H-8), and 
7.53(d,ff-5). 

15 EXAMPLB3 

SYNTHESIS OP f3£V9a-BUTYI^7--HYDROXY-4-METHYI^L2,9^a- 
TETRAHYDRO-3g-PLUOREN-3^NE OXIME 




20 

A solution of 9a-butyl-7-hydroxy-4-methyl-l^>9^a-tetrahydro^3fl- 
fluoren-3-one (60 mg, 0.22 mmol) and hydroxylamine hycirochloride (77 mg, 1.11 
mmol) in anhydrous pyridine (0.5 mL) was stirred under a nitrogen atmosphere at 
room temperature for 4.3 hours and then heated in an oil bath at 60°C for 30 minutes. 
25 The reaction mixture was evaporated under vacuum to an oil which was taken up in 
EtOAc (10 mL), washed with IN HCl (2x6 mJ), water (6 mL) and brine (6 ml), dried 
over MgS04, filtered, and evaporated under vacuum. The residue was lyophilized 
from benzene (3 mL) to afford (3£)-9a-butyl-7-hydroxy-4-methyl-l,2,9,9a-tetrahydro- 
3i/-fluoren-3-one oxime as an amorphous solid. 

30 
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IH NMR (DMS0-d6, 500 MHz) 5 0.76 (t, Cflj), L03-L32 (m, CH2CH2CH2X 1.47 
and L99 (two m, 1-0^2)* 2.03 (s, 4-CHj), 2.19 and 2.75 (two m, 2-CH2\ 2.52 and 
2.79 (two d, 9^;i), 6.63 (d4 6.67 (br s, ff*), 739 (d. H-S), 9.52 (br s, 6fl), 
and 10.75 (s,Ofl). 

EXAMPLB4 

SYNTHESIS OF9a4a£Vl-BIJIWinL1-7-HYDROXY^METHY^ 
TBTRAHYDRO-3g-ELUOREN-3-ONB 




Et 



Stepl: 2-birtvlidene-5-methoxy>l-indanone 

15 A solution of diisopropylamine (0.227 mL, 1.62 mmol) in anhydrous 

tetrahydrofiiran (IHF, 15 mL) was placed under a nitrogoi atmosphere, cooled in an 
ice bath, and stirred while a 2.0M solution of butyllithium in pentane (0.771 mL, 1,54 
mmol) was added dropwise over 2 minutes. The solution was stirred at room 
temperature for 15 minutes, then cooled in a dry ice-acetone bath and treated dropwise 
over 3 minutes with a solution of 5-methoxy-l-indanone (250 mg, 1.54 mmol) m THF 
(2 mL). After stirring at ~78°C for 20 minutes, the reaction mixture was treated with 
butyraldehyde (0.167 mL, 1.85 mmol). After stining an additional 26 minutes at - 
78''C, the reaction mixture was removed ftom the cooling bath and stirred at room 
temperature for 90 hours. The reaction mixture was treated with saturated aqueous 
NH4C!I solution (10 mL) and extracted with EtOAc (15 mL). The organic phase was 
washed with brine (25 ml), dried over MgS04, filtered, and evaporated under vacuum 
to an oil (353 mg). The crude product was purified by silica gel chromatography on a 
Biotage FLASH 12M column (1.2 x 15 cm), eluting with 7:1 hexanes-EtOAc, to 
afford 2-butylidene-5-methoxy-l-indanone (205 mg) as a solid. 
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IH NMR (CDa3. 400 MHz) 6 1.00 (t, CELzCMzCHjl L59 (m, CH2CH2CB3), 2.30 
(m, Cfl2CH2CH3), 3.63 (hr s, S-CH^), 3.91 (s, OCH5), 6.82 (m. =CH). 6.92-6.96 (m. 
JM and H-6). and 7.82 (d, H-7). 

5 Step 2: 24ag>"l-butenvn-S-methoxv-243-oxo-t)entvlVl-m 

A solution of 2-butylidene-5-methoxy-l-indanone (202 mg, 0.934 
mmol) in anhydrous tetrahydrofuran (THF, 3.7 mL) was placed under a nitrogen 
atmosphere and treated with ethyl vinyl ketone QSVK, 0.187 mL, 1.87 mmol) 

10 foUowed by l,8-dia2abicyclo[5.4.0]undec-7-ene (DBU, 0.028 mL, 0.187 mmol). The 
resulting solution was stirred and heated in an oil bath at 60**C for 5 hours. After 
cooling to room temperature, the mixture was diluted wi& EtOAc (15 mL), washed 
with 0.2N HQ (10 mL), water (10 mL) and brine (10 mL), dried over MgS04. 
filtered, and evaporated under vacuum to an dl (270 m^. Ftoton NMR oi: this 

15 matmal showed a 1:1 niixture of product and starting inatmal. The reaction was 
reran using flie mixture (270 mg), EVK (0.187 mL), DBU (0.028 mL), and THF (1.8 
mL) with heating at 60**C for 27 hours. Workup as above gave an oil (448 mg) which 
contained no starting material. The crude product was purified by silica gel 
chromatography on a Biotage FLASH 12M column (1.2 x 15 cm), eluting with 4: 1 

20 hexanes-EtOAc, to afford 2-[(lJE)-l-butenyl]-5-methoxy-2-(3-oxopent>i)-l-indanone 
(199 mg) as an oil. The product contained a minor amount of tiie (2>-butenyl isomer 
as evidenced by proton NMR. 

IH NMR (C3Da3, 400 MHz) 5 0.96 (t. CH3), 1.03 (t, Cffj), 1.88-2.08 (m, two CH2I 
25 2.29-2.52 (m, two GH^). 2.99 and 3.21 (two d, 3-Cfl2)» 3.90 (s, QCHs% 5.54 (m, 
CH=CHCH2), 5.60 (td. CH=CHCH2), 6.88 (d, HA), 6.92 (dd, H-6), and 7.69 (d, H- 
7). 

Ste p 3: 9a-rflE>-l-butenvll-7-methoxv>4-metfavl'l-2.9.9a-te trahvdro-3g^^ 
30 one 

A solution of 2-[(ljE)-l-butenyl]-5'methoxy-2-(3-oxopentyl)-l- 
indanone (199 mg, 0.663 mmol) in methanol (5 mL) was treated with 2N aqueous 
NaOH (1.6 naL) and the resulting mixture was stiired and heated in an oil bath at 
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85^C for 7 hours. After cooling to room temperature, the brown solution was : 
partitioned between EtOAc (20 mL) and 0.4N HQ (10 mL)^ llie tK^^ ■ 
separated, washed with brine (15 ml), dhied over MgS04, filtered, and eyapcn^ 
under vacuum to a brown oil (208 mg). The cnide product was purified by s^^ 
5 chromatography on a Biotage FLASH 12S column (1.2 x 7.5 cm), eluting w^ 5: 1 
hexanesftOAc, to afford 9a-[(lJS>-l-butenyI]-7-methoxy-4-inethyl 1 A9i^^^^^^ 
tetrahydro-3J?-fluoren-3Kme (67 mg) as an oil. 

^HNMR (CDa3, 400 MEIz) 5 0.87 (t, Cffj), 1.92 (m, =CHCff2CH3), 2.08-2.19 (m, 
0 1-C£r2), 2.14 (s, 2.43 and 2.57 (two m, 2.95 (m, 9-0^2). 3.86 (s, 

OCHsX 5.29 (td, CH=CffCH2), 5.42 (td, Cff=C3ICH2), 6.82-6.88 (m, HS and ff-8), 
and 7.67 (d,fl-5). 

Step 4: 9a~ra£l-l>butenvlV7-hvdroxv-4~methvl-1.2.9.9a-tetrahvdro-3g-fluo^^ 
S ong 

A mixture of 9ar[(l£)-l-butmyl]-7-methoxy-4-nieth^.l A9,9a- 
tetrahydn>-3J7-fluoren-3-one (31.7 mg, 0.112 romol) and pyridine hydrochloride (384 
mg, 3.32 mmol) was placed under a nitro^n atmosphere and heated in an oil bath at 

0 190^C for 65 minutes. After cooling to room temperature, the reaction mixture was 
partitioned between water (4 ml) and EtOAc (10 mL). Ihe organic phase was 
recovered, washed with brine (5 mL), dried over MgS04, filtered, and evaporated 
under vacuum to an oil (30 mg). Hie cmde product was purified by silica gel 
chromatography on a Biotage FLASH 12S column (1.2 x 7.5 cm), eluting with 3:1 

5 hexanes-EtOAc. The product containing fractions were concentrated und^ vacuum 
and the residue lyophilized from benzene to provide 9a-[(IE)-l-butenyl]-7-hydroxy-4- 
methyl-l,2,9,9a-tetrahydro-3jff-fluoren-3-one as a yellow, amorphous solid. 

IH NMR (9:1 CDCI3-CD3CN, 500 MHz) 5 0,85 (t, CH3), 1.90 (m, =CHCH2CH3), 
a 2.04-2.16 (m. I-CH2), 2.12 (s, 4-C/f5), 2.42 and 2.55 (two m, 2-CH2), 2.91 (m, 9- 
CH2\ 5.27 (td, CH=CHCH2), 5.40 (td. Cff=CHCH2), 6.68 (br s. OH), 6.77-6.82 (m, 
H-6 and H-8), and 7.61 (d, tf-5). 
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EXAMPLES 

SYNTHESIS OF4-BROMO-9a>BmTI^7-HYDROXY>L2,9 .9a-TB^ 

3/7>PLUQREN>3^NB ^ V : " ' 



5 




Stepl: 2"butvl-5-metfioxv-l-indanone 

A mixture of S-methoxy-l-indanone (25.0 g, 154 nunol), 85% KOH 
10 (2.03 g, 30.8 mmol), 10% palladium on activated carbon (2 g), and ethanol (150 mL) 
was placed under a hydrogen atmosphere and stirred while butyraldehyde (16.7 mL, 
185 mmol) was added over 2 minutes* TSie rnixture warmed during flie addition. The 
resulting mixture was hydrogenated at nx>m temperature for 3 hours, then filtered to 
remove the catalyst The filtrate was acidified with 2N HQ (15.4 mL, 30.8 mmol) 
15 and evaporated under vacuum. The residue was partitioned between EtOAc (500 mL) 
and water (500 mL). The organic phase was washed with water (500 mL) and brine 
(100 mL), dried oy&c MgS04, filtered, and evaporated under vacuum to an oil (33.5 
g). The crude product was purified by column chromatography on EN^ 
(230-400 mesh, 670 g), eluting first with CH2a2 ^itti 5% EtOAc in 

20 CH2Cl2> to afford 2-butyl-5-methoxy-l-mdanone (17.9 g) as an oil. 

Step 2: 2-butvl-5-methoxv-243-oxo-butvn-l-indanone 

A mixture of 2-butyl-5-methoxy-l-indanone (17.9 g, 82 mmol), methyl 
25 vinyl ketone (MVK, 8.5 mL, 102 mmol), and l,8-diazabicylco[5.4.0]undec-7-ene (2.5 
mL, 16.4 mmol) in anhydrous tetrahydrofijran (45 mL) was stirred under a nitrogen 
atmosphere at room temperature for 42 hours. Additional MVK (1.7 mL, 20.5 mmol) 
was added and the mixture was stirred and heated in an oil bath at &y*C for 55 
minutes. The resulting solution of crude 2-butyl-5rmethoxy-2-(3-oxo-butyl)-l- 
30 indanone was used in the next step. 
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Step 3: 9a-butvl-7-mcthoxv-0.9.9a-teti:ahvdro-3H-fluoren--3-one 

The solution from step 2 was treated with pycrolidine (6.9 mL, 82 
mmol) and acetic add (4.7 mL, 82 mmol), placed under a nitrogen atmosphere, and 

S stined with heating in a 60^C bath for 22 hours. Aft^ cooling to room tenq)e^ 
the reaction mixture was partitioned between EtOAc (500 mL) and wat^ (SOO mL). 
The EtOAc phase was washed with 0.8N HQ (SOO mL)» water (SOO mL), 5% 
NaHC!03 (500 mL), and brine (200 mL), dried with MgS04, filtered, and evsqporaled 
under vacuum to a brown oil (22.8 g). This mataial was purified by colunm 

0 chromatography on EM silica gel 60 (230^«X) mesh, 684 g), using 5% EtOAc in 
CH2CI2 as eluting solvent, to afford 9a-butyl-7-methoxy-i;2,9,9a-tetrahydio-3fl- 
£luoreqL-3-one (11.2 g) as a solid. 

IH NMR (CDQa, 500 MHz) 5 0.87 (t, Ci3». 1.17-1.35 (m, CH2CH2), 1.47 and 1.65 
5 (two m. CH2), L99 and 2.29 (two m, I-CH2), 2.47 and 2.58 (two in, 2-C£r2)» 2.72 and 
3.03 (two d. 9-Cff2)» 3.87 (s. OCHj). 6.16 (s, ff4), 6.83-6.89 (m. fr-6 andH-8), and 
7.51(d.fr-5). 

Step 4: 4-bromo-9a4)utyl"7-methoxy-1.2.9.9a4etrahvdrO"3H-fluoiian-3^ 

0 

A solution of 9a-butyl-7-methoxy-l,2,9,9a-tetrahydro-3fl-fluoren-3- 
one (11.2 g, 41.4 mmol) in CCI4 (80 mL) was treated with solid NaHC03 (17.4 g, 207 
mmol). The mixture was cooled in an ice bath and rsqpidly swirled by hand while 
bromine (2.13 mL, 41.4 mmol) was added over 6 minutes. After swirling a total of 30 

5 minutes at 0°C, the mixture was diluted with CH2CI2 (100 mL) and water (200 mL), 
treated with a small scoop of Na2S03, and shaken. The aqueous phase was re- 
extracted with more CH2CI2 (SO mL). The combined CH2CI2 extracts were dried 
over MgS04, filtered, and evaporated under vacuum. The residue in CH2CI2 (30 mL) 
was added to a plug of EM silica gel 60 (230-400 mesh, 50 g) which was eluted with 

0 CH2CI2 Sive the product (13.7 g) as a soUd. Hiis material was dissolved in hot 2- 
propanol (350 mL) and the solution concentrated under vacuum to a suspension (ca, 
100 mL volume). The solid was collected, washed with 2-propanol (20 mL), and 
dried under a nitrogen stream to afford 4-bromo-9a-butyl-7-methoxy-l ,2,9,9a- 
tetrahydro-3H-fluoren-3-one (10.4 g). 
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IH NMR (CaX33, 500 MHz) 6 0.86 (t, CH5), 1.14-1.32 (m, CH2CH2), 1.48 and 1.67 
(two m, CH21 2.08 and 2.27 (two m, 1-Cff2). 2.68-2.80 (m, 2-CH2). 2.80 and 3.03 
(two d, 9-CH2). 3.89 (s. OCflj), 6.86 (d, H-8), 6.92 (dd, fi-6), and 8.51 (d, H-5). 

5 Step 5: 4-brDmo-9a-lMitvi-7-hvdioxv-l.Z9.9a-tetrahvri iifw3H-fluQren-3-<)ne 

A solution of 4-bromo-9a-butyl-7-methoxy-l A9,9a-tettahydro-3fl- 
fluorcn-3-one (1.00 g, 2.75 mmol) in anhydrous CB2CI2 (27.5 niL) was cooled in a 
dty ic&-acetone bath and stined undn a nitrogen atmospheare while IM BBrs in 

10 (31202 (8J26niU 8.26 nimol) was added diopwiseovCT 14 ininutes. The cooling 
bath was removed and Ae solution was stined at room tempentnie for 3 hours, 
during which time it dartomed considerably. The mixture was diluted with EtOAc 
(150 mL) and shaken witii water (150 mL) containing 2N HCl (10 mL). The organic 
phase was washed with water (150 mL) and brine (150 mL), dried with MgS04, 

15 filtered, and evaporated under vacuum to a dark green solid (1.1 g). The solid was 
dissolved in 10 % EtOAc/CH2a2 (10 mL) and added to a small column of EM silica 
gel 60 (230-400 mesh, 12 g). The column was eluted with 10% BtOAc/CH2Cl2. The 
first 100 mL of eluant was ev^xjrated unda vacuum to a greai solid (1.0 g). This 
material was fiirtfier purified by column dux>matogra[^y on EM silica gel 60 (230- 

20 400 mesh, 30 g) using 5% EtOAc/CH2a2 as eluting solvrat The product containing 
fractions wa» evaporated under vacuum to provide a solid (730 m^. This material 
was treated wifli benzene (7 mL) and the mixture heated to n^ux. The suspension 
was sonicated while cooling to room tenperature. The solid was collected, rinsed 
with benzene (5 mL), and dried under a nitrogen stream to afford 4-bromo-9a-butyl-7- 

25 hydroxy-l,2,9,9a-tetrahydn>-3H-fluorMi-3-one as a pale green powder. 

IH NMR (DMSO-dfi, 500 MHz) 5 0.77 (t, CH3), 1.04-1.25 (m, CH2CH2), 1.33 and 
1.58 (two m, CH2), 2.01 and 2.12 (two m, I-CH2), 2.52 and 2.70 (two m, l-CHz), 
2.73 and 2.94 (two d, 9^H2). 6.78-6.81 (m, H-6 andH-8), 8.26 (m, H-5), and 10.35 
30 (s, OH)- 
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EXAMPLE6 

SYNTHESIS OF4>BROMO>-9a-BlJm^3--MEmYENE-23>9,9a--I^^ 

lg-PLUOREN-7^L 



5 




A susprasion of metfayltriphoiylphosphomum hromide (373 mg» 1.04 
mmol) in anhydrous tetrahydiofiiran {2 mL) was cooled in an ice bath and stirred 
under a nitrogen atmosphm while 2.5 N nBuIi in hexane (0.36 inL» 0.90 mmol) was 

10 added by syringe. Tlie mixture was stirred at OX for 10 minutes to complete 

formation of the methylenetriphenylphosporane reagent A solution of 4-bromo-9a- 
butyl-7-hydroxy-l A9,9a-tetrahydro-fluoren-3-one (50 mg, 0.15 nunol) in 
tetrahydrofuran (1 mL) was added to the reaction mixture and the ice bath was 
removed. The resulting mixture was stirred at room temp^ture for 3.2 hours, then at 

15 50°C for 1.5 hour, and finally at room temperature for an additional 17 hours. The 
mixture was partitioned between saturated aqueous NH4CI (5 mL) and EtOAc (9 mL). 
Ihe organic phase was acidified with 2N HCl (0.2 mL), washed with brine (4 mL), 
dried over MgS04, filtered, and evaporated under vacuum to an oil (90 jng). The 
crude product was purified by preparative layer chromatography ona0.1x20 x 20cm 

20 silica gel GF plate using 3:1 hexanes-EtOAc as developing solvit The UV visible 
band at Rf 0.50-0.63 was eluted with EtO Ac. The eluant was concentrated under 
vacuum to a residue which was lyophilized from benzene to afford 4-bromo-9a-butyl- 
3-methylene-2.3,9,9a-tetrahydn>-lH-fluoren-7-ol. 

25 IH NMR (CDCI3, 500 MHz) 5 0.85 (t. CHj), 1.1-1.3 (m, CH2CH2)' 1-36 and 1.55 

(two m, CH2X 1.70 and 2.06 (two m, 1-Cfl2). 2.67 and 2.76 (two m, 2.67 and 

2.88 (two d, 9-CH21 5.02 (s, OH), 5.07 and 5.56 (two m, =Cff2),6.75 (m, H'6 and H- 
8),and8.25(d,H-5). 

30 
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HXAMPUB? 

■QVNTHRSTS O P Qa-BTJTYL4-CY ANO-T-HYPRO yY-l .a.O.Qa-TETRAHYDRO- 

3g-PLUOREN-3-ONE 




gt^ p t' Qfl-hutvl^t-cvann-7-Tnetfaoxv- 1,2.9.9a-tBt!rahvdnv3?y-flu^^ 

A solution of 4-htomo-9arbutyl-7-inethoxy-lA9,9a-tetrahydro-3ff- 
10 fluoten-3-oiie (50 mg, 0.138 mmol) in anhydrous l-methyl-2-pyin)lidinone (0.276 
mL) was treated with copperCO cyanide (25 mg. 0.275 mmol). The resulting mixture 
was stined under a nitrogen atmosphere and heated in an oil batti at lecc for 40 
minutes. The mixture was partitioned between EtOAc (20 mL) and water (20 ml). 
The organic phase was washed with water (2 x 20 mL) and brine (10 mL), dried over 
15 MgS04, filtered, and evaporated under vacuum. The residue was purified by 
preparative layer chromatography on a 0.1 x 20 x 20 cm silica gel <3P plate, 
developing vnth 5% EtOAc in CB.2CI2, to afford 9a-butyl-4-cyano-7-medioxy- 
l,2,9,9a-tetrahydro-3H-fluQren-3-one (33 mg) as an oil. 

20 IHNMR (CDQa. 500 MHz) 6 0.87 (t. CH5). 1.13-1.35 (m, CH^Hz), 1.44 and 1.66 
.. (two m, CH2), 2.02 and 2.32 (two m, l-Cffz). 2-61 (m, 2-CH2), 2.78 and 3.09 (two d, 
9-Cfl2). 3.92 (s, OCH3), 6.91 (br s, H-8). 6.97 (dd, H-6), and 833 (d, H-5). 



.St« p 2: 9a-butYl-4-cvano-7-hvdmxv-1.2.9.9a- tBtrahvdro-3H-fluoren-3-one 



A mixture of 9a-butyl-4-cyano-7-methoxy-l,2,9,9a-tetrahydro-3fl- 
fluoren-3-one (17 mg) and pyridine hydrochloride (2 g) was placed under a nitrogen 
atmosphere and heated in an oil bath at 190-195"C for 1 hour. After cooUng to room 
tempoature, the mixture was partitioned between EtOAc (20 ml) and water (30 mL). 
30 The organic portion was washed with brine (10 mL), dried over MgS04, filtered, and 
evaporated under vacuum to an oil (16 mg). The crude product was purified by 
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pieparative layer chromatography on a 0.05 x 20 x 20 cm silica gel GF plate using 5% 
CH3OH n CH2CI2 as the developing solvent The UV visible product band was 
eluted with 10% CH3OH in CEi2^2^ *® solvent evaporated under vacuum, and the 
residue lyophilized from benzene-methanol to afford 9a-butyl-4-cyano-74iydroxy- 
l,2,9,9a-tetrahydK)-3H-fluoren-3-one as an amorphous solid. 

NMR (DMS0-d5, 500 MHz) 6 0.78 (t, Gtfj). 1.01-1.33 (m, CH2CH2 and 
CHoHb), 1.61 (m, CHafli), 1.99 and 2.15 (two m. 2.40 and 2.58 (two m, 2- 

CH21 2,71 and 3.01 (two d, 9-C^r2). 6.87 (s, ff-8), 6.89 (d, fl^), and 8.04 (d, H-S). 

m (KBr) 2223, 1648, 1611, 1558, 1467, 1356, 1316, 1296, 1278, 1107, 1066 cm-1. 



EXAMPLES 

15 SYNTHESIS OF 4-BENZYI^9a>BUTYL-7-HYDROXY-1.2.9.9a-^TETRAHTO 

3g-PLUOREN-3^NE 




20 Step 1: 4-ben2vl-9a-butvl-7-methoxv-1.2,9.9a-tetrahvdro-3fl-fluoren-3'-one 

A mixture of 4-bromo-9a-butyI-7-methoxy-l,2,9,9a-tetrahydro-3jH- 
fluoren-3-one (29.6 mg, 0.0847 mmol), 5-benzyl-l-aza-5-stanna- 
bicyclo[3.3.3]undecane (38.5 mg, 85% weight pure, 0.0935 mmol), and Pd(PPh3)4 

25 (9.8 mg, 0.00848 mmol) in anhydrous toluene (1.3 mL) was degassed, placed under a 
nitrogen atmosphere, stirred, and heated in an oil bath at lOO^C. After heating 4 
hours, the cloudy, dark brown reaction mixture was cooled in an ice bath and filtered 
through a pad of celite. The filtrate was evaporated under vacuum to an orange gum 
(57 mg). The crude product was purified by preparative layer chromatography on a 

30 0.1 X 20 X 20 cm silica gel GF plate, using 9: 1 hexanes-EtOAc as developing solvent. 
The major UV visible band at Rf 0. 18-0.26 was removed and eluted with EtOAc to 
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alBford 4-benzyWa4>irtyl-7-methoxy-l A9,9a4ettahyd^ (29 nig)a8 

a pale yellow gum. 

IH NMR (0X33, 500 MHz) 5 0.87 (t. CH3). 1.19-1.36 (m, CHiCHii, 1-51 and 1.72 
(two m, CH2). 207 and 2.29 (two m, l-CH^). 252 and 2.64 (two m, 2-CH2). 2.77 and 
3.01 (two d, 9-Cff2). 3.76 and 4.16 (two d, CffzPh), 3.82 (s. OCHj). 6.71 (dd. ff-6). 
6.84 (d, ff-8). 7.13-7.27 (m. phenyl-fl), and 7.42 (d, fl-5). 

jgte p 2: 4-ben?:vl-9a-biitvl-7- h YHmTv-1.2.9.9a-tetrahvdro-3g-fluoren-3-one 



A solution of 4-benzyl-9arbutyl-7-medioxy-l A9,9a-tetrahydrofluaren- 
3-one (25.9 mg. 0.718 mmol) in anhydrous CHjaa (1.2 mL) was cooled in a dry ic&. 
acetone bath and stined under anitrogen atmosphere while lMBBr3inCH2Cl2 
(0.215 mL, 0.215 mmol) was added dropwise by syringe. The cooling bath was 
15 lemoved and the mixture was stirred at room temperature for 3.5 hours, after which it 
was diluted witii EtOAc (8 mL), water (3 mL) and 2N HQ (1 mL) and shaken 
vigorously. The organic phase was separated, washed witii water (3 mL), IMpH 3 
phosphate (3 mL) and brine (3 mL), dried over MgS04, filtered and evaporated under 
vacuum to a soUd (25 mg). The crude product was purified by preparative layer 
20 chromatography on aO.l x 20 x 20 cm siUca ^1 OF plate, using 5% MeOH in 

CH2a2 as developing solvent The major UV visible band at Rf 0.40-0.53 gave 4- 
benzyl-9a-butyl-7-hydroxy-U.9,9artetrahydro-3fl-fluoren-3-one as a yeUow solid. 

IH NMR (CDCI3, 500 MHz) 5 0.87 (t, CH3), 1.18-1.36 (m, CH2CH2). 1.51 and 1.71 
25 (two m, CH2). 2.06 and 2.28 (two m, .1:CH2). 2.52 and.2,65 (two m. 2-Cif2). 2-74 and 
2.98 (two d, 9-CH2). 3.75 and 4.15 (two d, CffzPh). 6.62 (dd, H-6), 6.78 (d, H-8), 
7.13-7.27 (m, phenyl-fl), and 7.36 (d. H-5). 

m (neat film) 3138. 2929. 1625. 1572. 1468. 1359. 1329. 1299, 1272. 1184. 1104. 
30 1077. 724. and 695 cm-1. 
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EXAMPLE9 

SYNIHBSIS OP 9a>BTJITL-7-HYDROXY-442>TtnENryVlJ^ 

TBIlUyEra3RO-3g-PLUOREN-3-ONE / / . ; . 



5 




Stsp 1: 9abutvl-7-methoxv-4-f2-tfaienvlV1.2>9.9a-tetrahvdro^ 

A mixture of 4-bit)mo-9a-biityl-7-inethoxy-l^,9,9a-telrahydr^ 
10 fluorai-3-one (30 mg, 0.086 mmol). 2-.(tributylstaimyl)-thiophene (0.055 mL, 0. 172 
mmol), tris(dibeiizyUdeneacetcme)dipaUadium(0) (Pd2(dba)3, 16 mg, 0.0172 mmolX 
and anhydrous toluene (0.5 mL) was placed mider a nitrogen atmosphere, stined, and 
heated in an oil bath at 100-1 10°C. Three additional Pd2(dba)3 portions (20-30 mg 
each) were added at 7, 8, and 23 hours. An aliquot of the reaction that was removed 
aftser heating for 23.5 hours showed approximately a 1 : 1 mixture of starting material 
and product The mixture was treated with bis(triphenylphosphine>-palladium(II) 
chloride (30 mg) and heating was continued for 55 nodnutes to comply the 
conversion to product After cooling to room temperature, the reaction mixture was 
pmijBed by preparative layer chromatography ona0.1x20x20cm silica ^1 GF 
plate, developing with CH2CI2, to afford 9a butyl-7-methoxy-4-(2-thienyl)-l,2,9,9a- 
tetrahydro-3i7-fluoren-3-ene (16.5 mg) as an oil. 

IHNMR (CDCI3, 500 MHz) 5 0.89 (t, CH31 1.23-1.37 (m, CH2CH2\ 1.53 and 1.75 
(two m, CH2\ 2.14 and 2.33 (two m, 1-0^2). 2.62 and 2.71 (two m, 2-C/f2), 2.80 and 
3.04 (two d, 9-07/2). 3.81 (s, OCfl», 6.51 (d, H-S\ 6.58 (dd, ff-6), 6.81 (d, if-8), 6.87 
(dd, thienyl ff-3), 7.13 (dd, thienyl HA\ and 7.43 (dd, thienyl H-5). 

Ste p 2: 9abutvl-7-hvdroxv-4-f2-tMenvIVl,2.9.9a>tetrahvdro-3g-fluoren-3-ene 
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A solution of 9a butyl-7-methoxy-4-(2-thienyl)-l^,9,9a-tetrahydro- 
3H-fluoren-3-ene (16.5 mg, 0.048 mmol) in anhydrous 01202 was placed under 
nitrogen, cooled in an ice bath, stiired, and treated with IM BBt^ in CH2a2 (0.145 
mL, 0.145 mmol). The cooling bath was removed and the solution was stiired at 

5 roomtempiErature. The demelh)dation was slow. After 50 minutes, more BBrj in 
CH2CI2 (1-5 ™L) w^ solution was stirred at room tsempraature fiw an 

additional 50 minutes. The mixture was dUuted with EtOAc (10 mL) and washed 
with water (8 mL) containmg 2N HQ (2 mL). Ihe organic phase was washed with 
brine (5 mL), dried over MgS04. filtered, and evaporatBd under vacuran. The residue 

10 was purified by preparative layer chromatogt^y on two successive 0.025 x 20 x 20 
cm siHca gel GP plates, devdoiang the first with 5% CH3OH m 01202 *e 
second wiA 2% Ca^OTSL in 01202- The product band waas eluted with 10% 
OI3OH in 01202, the eluant concentrated under vacuum, and the residue 
lyophilized ftom benzraie to afford 9a butyl-7-hydroxy-4-(2-thien54>l A9,9ar 

15 tetrahydro-3H-fluoren-3-ene as yellow, amorphous solid. 

IH NMR (DMSO-de, 500 MHe) 5 0.81 (t. CH^, 1.11-131 (m, CHjCHi)* 1-37 and 
1.64 (two m, CH2), 2.04 and 2.18 (two m, l-CH^), 2.39 and 2.58 (two m, 2ra32). 
2.70 and 2.94 (two d, 9-CH2). 6.25 (d. fl-5), 6.41 (dd, H-6), 6.71 (d. H-8), 6.76 (dd, 
20 tfiienyl fl-3), 7.09 (dd. thienyl HA), and 7.59 (dd, thienyl ff-5). 
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EXAMPLE 10 

SYNmeSIS OF9a-BlJrYI^7-HYDROXY-4>f4-r2-fl-PIPBEm3INY^ 

PHEfm.)-1^.9.9a-TETRAHYDRO-3g-PLUOR^ / 



5 




Step 1: 9a-butyl-7>niethoxY-4-f4-methoxvinethoxv-phenvlVl^.^ 
fluoien-3-one 

A mixture of 4-bromo-9a-butyI-7-methoxy-l,2,9,9a-teti^ydro-3fl- 
10 fluQren-3-one (800 mg, 2.29 nunol), Pd(PPh3)4 (132 mg, 0.114 mmol), and tributyl- 
(4-metfaoxymethoxy-'phenyI)-stannane (1.174 2.75 mmol) in anhydrous toluene 
(ILS mL) was placed under a nitrog^ atmosphere and heated with stirdng in an oil 
bath at 100°C. After 22 hours» the mixtuie was cooled to room temperature and 
ev£q>orated und^ vacuum to a daik oil (2208 g). This material was purified by 
chromatography on EM silica gel 60 (230-400 mesh, 1 15 mL dry), using 4:1 hexanes- 
EtO Ac as eluting solvent, to afford 9a-batyl-7-methoxy-4-(4-methoxymethoxy- 
phenyl)-l,2,9,9a-tetrahydro-3H-fluoreii-3-one (787 mg) as a yellow gum. 

IH NMR (CDCI3, 500 MHz) 5 0.88 (t, C2/j), 1.21-1.38 (m, CH2CH2), 1.52 and 1.74 
(two m, CH2)y 2.12 and 2.31 (two l-CH2i, 2.57 and 2.68 (two m, l-CHi^y 
2.77 and 3.01 (two d, 9-CH2), 3.52 (s, OCH5), 3.78 (s, OCH5), 5.22 (m, OCJ32O), 
6.40 (d, ff-5), 6.49 (dd, H-6), 6.78 (d, and 6.9-7.2 (br m, phenyl-^O- 

Step 2: 9a-butyl-4-(4-hvdroxvpbenvl)-7-methoxv-L2.9.9a-tetrahvdro-3H-fluor&n-3- 
one 

A suspension of 9a-butyl-7-methoxy-4-(4-methoxymethoxy-phenyl)- 
l,2,9,9a-tetrahydro-3fl-fluoren-3-one (813 mg, 2 mmol) in methanol (12 mL) was 
wanned in an oil bath at 60**C and treated with aqueous 2N HQ (4 mL). The 
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resulting mixture was stiired and heated at 60»C for two hours, (hen cooled to room 
tranpoature and evqxxcated under vacuum to leave a yellow sani-solid. The residue 
was dissolved in EtOAc, washed with water and brine, dried over MgS04, filtered, 
evaporated under vacuum, and stripped with toluene to afford 9a-butyl-4-(44iydroxy- 
5 phenyl)-7-methoxy-l,2,9,9a-tetiahydro-3H-fluoren-3-one (787 mg, ca. 92% weight 
pure) as a yellow foam. 

IH NMR (CDa3, 500 MHz) 6 0.88 (t, Cffj), 1.21-1.38 (m. CH2CH2), 1.52 and 1.73 
(two m, CH2), 2.11 and 2.32 (two m, I-CH2). 2-58 and 2.69 (two m, 2<^2>> 2.77 and 
10 3.01 (two d, 9-Cff2). 3.78 (s. OCffj), 6.40 (d, fl-5), 6.49 (dd. H-6), 6.77 (d, H-8). and 
6.8-7.1 (br m, phMiyl-^. 

RtP p ^' 0fl-hatvl-7-methnTV-4-f4-r2-(l- pperidinvl^ethoxvlphenvn-1^9.9a- 
tetrahvdro-3g-fluoren-3-one 

15 

A mixture of crude 9a-butyl-4-(4-hydroxyphenyl)-7-methoxy-l,2,9,9a- 
tetrahydro-3ff-fluoren-3-one (787 mg, approx. 2 mmol), cesium carbonate (1.564 g, 
4.8 mmol), and l-(2^hlon)ethyl)-pipMidine monohydrochloride (442 mg, 2.4 mmol) 
in acetone (5 mL) was stirred and heated in an oil bath at 60"C for 4 hours. After 

20 cooling to room traaperature, the mixture was diluted witfi EtO Ac and filtered to 
rwnove salts. The filtrate was washed witih watar and brine, dried over MgS04. 
filtned, and evaporated under vacuum to a yellow gum (0.95 g). The CTude product 
was purified by chromatogmphy on EM silica gel 60 (230400 mesh, 50 mL dry) 
using 2% MeOH + 1% EtsN in EtOAc as eluting solvent The product containing 

25 fractions were evaporated under vacuum and the residue stripped with toluene to 
provide 9a-butyl-7-methoxy-4-{4-[2-(l-piperidinyl)ethoxy] phenyl}-l,2,9,9a- 
tetrahydro-3if-fluoren-3-one (912 mg, 96% weight pure) as a pale yellow gum. 

IH NMR (C3)Cl3, 500 MHz) 6 0.88 (t. CH3), 1.21-1.38 (m. CH2CH2), 1.46 (m, 4- 
30 CH2 of piperidine), 1.52 and 1.73 (two m, CH2), 1.62 (m, 3-CH2 and 5-0^2 of 

piperidine), 2.11 and 2.31 (two m, I-CH2), 2.53 (m, 2-CH2 and 6-CH2 of piperidine). 
2.57 and 2.68 (two m, TrCHz), 2.76 and 3.00 (two d, 9-Cff2). 2.80 (t, NCffaCHiO). 
3.77 (s, OCffj). 4.15 (t, NCH2Cfl20). 6.38 (d. H-5), 6.49 (dd, M. 6.77 (d, H-8). 
and 6,8-7.2 (br m, phraiyl-2J). 
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Step 4: 9a-butvl-7-hvdroxv-4-(4-r2-^l-piperi(finvne1faoxv1phepvll^ 
tetrahvdro-3g-fluoien-3-Qne and 9arbutvl-7-hvdroxv-4-f 4-r2>f 1- 
pipftridinYlV^h nxv1phenvl)-L2.9i^a-tetrahvd^ 

5 

An ice-cold solution of 9a-butyl-7-methoxy-4-{4-[2-<l-pipcridinyl)- 
ethoxy]phenyI}-l A9,9a-tetrahydn>-3fl-fluorai-3-one (85 mg, 96% wdg^t pure, 
0.172 mmol) in anhydrous CH2CI2 (1.2 mL) was placed under a nitrogen atmosphere 
and treated with EtSH (0.055 mL, 0.743 mmol). Hie resulting solution was added by 

10 syringe to AICI3 (1 15.2 mg, 0.864 mmol) contained in an ice-cold flask and kept 

under nitrogen. The resulting solution was stirred at O^'C for 3 minutes, then at room 
temperature for 35 minutes. The mixture was cooled in an ice bath, treated with 0.5N 
HQ (1.6 mL) and tetrahydiofiiran (1.0 mL), and stirred at 0°C for 10 minutes. The 
resulting mixture was diluted with EtOAc (20 mL) and water (15 mL) and stirred 

15 while basifying with solid NaHC03. The layers were separated and the aqueous 

portion extracted with EtOAc. ThecomhinedQigHnics were washed with brine, dried 
over MgS04, filtsned, and evirated under vacuum to afiford 9a-butyl-7-hydioxy-4- 
{4-[2Kl-pipeddinyl)etiioxy]phenyl}-l,2,9,9a4etrahydio-3fl-fluQrra^ as a yellow 
semi-solid. 

20 

IH NMR (DMSO-de. 500 MHz) 5 0.82 (t, Cflj), 1.14-1.32 (m, CH2CHi), 1.38 (m, 4- 
CH2 of piperidine), 1.40 and 1.66 (two m, €^2), 150 (m, 3-^2 and 5-Cff2 of 
piperidine), 2.05 and 2.19 (two m^ l-Cfl^). 2.36 and 2.57 (two m, 2-CH2iy 2.44 (br m, 
2-Cjff2 and 6-Cfr2 of piperidine), 2.66 (t, NCH2CH2O), 2.68 and 2.92 (two d. 9-Ci/2)» 
25 4.08 (t, NCH2CH2O), 6.18 (d, H-S), 6.35 (dd, i?-6), 6.69 (d, ff-8), 6.8-7.0 (br m, 
phenyl-fl), and 9.96 (s, OH). 

The product was converted to the hydrochloride salt as follows. The 
free base from above was dissolved in EtOAc, diluted with Et20, and treated with IN 
30 HCl in Et20 (0.2 mL). The resulting precipitate was collected, washed with Et20, 
and dried under vacuum to afford 9a-butyl-7-hydroxy-4-{4-[2-(l- 
piperidinyl)ethoxy]phenyl}-l A9,9a-tetrahydro-3i?'fluoren-3-one hydrochloride as a 
pale orange solid 
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»H NMR (DMSO-dfi, 500 MHz) 5 0.82 (t, Cffj), 1.13-1.33 (m, CHf^H, 1.40 (m, 
2H's), 1.67 (m, 2irs), 1.80 (m. 4irs), 2.05 and 2.20 (two m, l-Cffj). 236 and 2.57 
(two m, 2-CH2), 2.69 and 2.93 (two d, 9-Cff2). 3.01 (br s, 2^8), 3.50 (hr m, 4irs), 
4.42 (t. NCHaCBzO). 6.18 (d, ff-5). 6.36 (dd, H-6), 6.72 (d, H-8), 6.85-7.1 (hr m, 
5 phenyl-fl). 10 07 (s. Off or Nfl), and 10.20 (hr s, Nff or Off). 

I 

IR (nujol muD) 1644, 1606. 1580. 1509. 1459, 1355, 1330, 1296, 1274, 1240, 1176. 
1100, 999, 955, 870, 822, 723, 590, and 534 cm-1. 

10 Mass Spectrum, m/e 460.3. 



BXAMPUBll 

SYNTHESIS OP9a-BtJrYL-7-HYDROXY-4- r4-HYDROXYPHENYLV1^.9^- 
15 TBTRAHYDRQ-3H-PmORBN-3-ONE 




An ice-cold solution of 9a-butyl-4-(4-hydroxy-phenyl)-7-methoxy- 
20 l,2,9,9a-tetrahydro-3H-fluoren-3-one (29 mg, 0.08 mmol) in anhydrous CH2CI2 (1 
mL) was added to AICI3 (96 mg, 0.72 mmol) contained in an ice cooled flask. The 
mixture was stirred at OX under a nitrogen ahnosphere and treated with 2- 
propanethiol (0.056 mL, 0.6 mmol). The resulting mixture was stirred at 0°C for 5 
minutes and at room tempKrature for 3.25 hours, then treated with ice (approx. 2 mL), 
25 2N HQ (2 mL) and EtOAc (4 mL) and stirred for 15 minutes at room temperature. 
The EtOAc layrar was separated, washed with IN HCl and brine, dried over MgS04, 
filtraed, and evjqporated under vacuum to give a yellow gum. This material was 
triturated with benzene to give, afto: filtration and drying under vacuum. 9a-butyl-7- 
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hydroxy-^4-hydroxyphenyl>-l^^a-tetrahydio-3H-fluoi«i-3-one as an off-white 
solid 

IH NMR (DMSO-dfi, 500 MHz) 5 0.82 (t, CH3), 1.12-1.32 (m, CH2CH2), 1.39 and 
S 1.64 (two m, 002). 2.03 and 2.18 (two m, 1-Cff2)> 2.35 and 2.55 (two m, 

2.67 and 2.91 (two d, 9-CH2). 619 (d, H-5), 6.35 (dd, ff-6), 6.68 (d, H-8), 6,7-7.9 (br 
m, phenyl-£0> 9.41 (s, OH), and 9.97 (s, Ofl). 

JR (nujoImuH) 1608, 1572, 1512, 1480, 1359. 1333, 1300, 1270, 1239, 1207, 1101, 
10 821,and674cm-l. 

Mass spectnim. m/e 349.1 (M-fl). 



15 EXAMPLE 12 

SYNTHESIS OF f2g)-3-r4-(9a-BUTYIy7-HYDROXY-3-OXO-2.3.9.9ib- 
TEmAHYDRC>-lg-PUJORErJ-i-Yr.) PHI WYL1-2-PROPE^ ACID 

HO2C. 




O 

w 

^ Bu 



20 

Step 1: 9a-butvl-7"ipethoxv-4-(4-trifluoromethanesulfonvloxv-phenvlV 
tetrahvdrO"3/f-fluojrsn"3"One 

A solution of 9a-butyl-4-(4-hydroxyphenyl)-7-methoxy-l, 2,9,9a- 
25 tetTahydro-3i7-fluoien-3-one (303 mg, 91% weight pure, 0.76 mmol) and pyndine 
(0.307 mL, 3.8 mmol) in anhydrous CH2CI2 (1.2 mL) was cooled in an ice bath and 
stirred und^ a nitrogen atmosphere while trifluorometfianesulfonic anhydride (0.147 
mL, 0.87 mmol) was added dropwise by syringe. After stirring at O^C for 45 minutes. 
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the reaction mixture was diluted vdtb CaH2Cl2 (20 mL) and shaken with water (ID ml) 
containing IN NaOH (5 mL). llie organic phase was sqwrated, washed wiA 
(10 mL), IM pH 3 phoqjhate bufifer (10 mL), water (10 mL), and brine (10 mL), dried 
ovCT MgS04, filtered, and eviqKjrated under vacuum to an oran^ solid (394 mg). 

5 Tlie crude product was purified by flash chronaatography on EM silica gel 60 (230- 
400 mesh, 25 mL dry, packed under 4:1 hexanes-BtOAc) using 4:1 hexanes-BtOAc as 
eluting solvent The product containing ftactions were evaporated under vacuum to a 
yellow solid (345 mg). This material was triturated with petroleum ether and dried 
under vacuum to afford 9a-butyl-7-methoxy-4-[4-(trifluoromelhane-sulfonyloxy)- 

10 phenyl]-l A9,9a-tetrahydrD-3fl-fluoren-3-one (313 mg) as a pale yellow soHd. 

IHNMR (C3X:i3. 500 MHz) 5 0.88 (t, CHj), 1.20-138 (m, CH^Hi^, 1.51 and 1.73 
(two m. CH2), 2.13 and 2.34 (two m. l-Cfl^). 2.58 and 2.69 (two m. ZCHi^, 2.79 and 
3.03 (two d. 9-CH2). 3.79 (s, OCff,), 6.21 (d. ff-5), 6.48 (dd. ff-6). 6.79 (d, H-8), and 
15 7.10-7.45 (hr m, phenyl-fl). 

«ite p 2-. metfavl f2EV-3-r4-r9arbut^-7-meflioxv-3-< «o-2.3.9Sa-tetrahvdTD-lH-fluOTCTr 
A-Yl)phenvn-2-proDenoate 

20 A mixture of 9a-butyl-7-methoxy-4-[4-(trifluorometiiane-sulf onyloxy> 

phenyl]-i;2,9,9a-tetrahydro-3ff-fluoren-3-one (98.9 mg, 0.2 mmol), methyl (JS)-3- 
tributylstannyl-aciylate (112.5 mg, 0.3 mmol) and Hthium chloride (25.4 mg, 0.6 
mmol) in anhydrous dimelhylfQrmamide (1.0 mL) was purged with nitrogen and 
treated with bis(triphenylphosphine)paDadium(II) chloride (7.0 mg, 0.01 mmol). The 

25 resulting mixture was purged with mtiogMth«i stirred under a nitro^natrnosphere 
with heatmg in an oil bath at 90°C for 60 minutes. After cooling, the solvent was 
evaporated under vacuum. The residue in EtOAc (10 mL) was washed with water (2 
X 5 mL) and brine (5 ml), dried over MgS04, filtered, and evaporated under vacuum 
to a gum (194 mg). The crude product was purified by preparative layer 

30 chromatography (PLC) on two 0.1 x 20 x 20 cm silica gel GF plates, developing with 
4: 1-hexanes- EtOAc. The major UV visible band at Rf 0.15-0.25 was eluted with 
EtOAc and the solvent evaporated under vacuum to afford methyl (2£)-3-[4-(9a- 
butyl-7-methoxy-3-oxo-2,3,9,9a-tetrahydio-lH-fluoren-4-yl)phenyl]-2-propenoate(83 

mg) as a pale yellow soUd. NMR showed approximately 7-8% of a BusSnX anpurity. 
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IHNMR (0X33, 500 MHz) 5 0.89 (t, CHj). 1.2M39 (m, Cfl2CH2Xl^ 
(two m, CH2X 2.13 and 2.33 (two m, 1-Cfl2)» 2.58 and 2.69 (two 2^ 
3.03 (two d, 9-Cfl2). 3.78 (s, OCETj), 3.82 (g, OCH>), 636 (d, fl^5), 6.48^j&lC 
5 6.48 and 7.75 (two d, Cft=Cfl). 6.79 (d, fl-8), 7.05-7.25 (barm, two {Arai^^ 
7.5-7.66 (hr m, two pheioyUH). 

Step 3: f2gV-3-r4-^9a-butvl-7--hvdroxv->3-<)xo-2.3>9.9a-tgtrahv^ 
viyphenvn-2-propenoic acid 

10 

A mixture of methyl (2E)-3-[4-(9a-butyl-7-methoxy-3-oxo-2,3,9,9a- 
tetrahydio-lff-fluoren-4-yl)phenyl]-2-piopenoate (60 mg, 92% weight pure, 0.128 
mmol) and pyridine hydrochloride (741 mg, 6.41 mmol) was placed under a nitrogen 
atmosphere, heated in an oil bath at 190''C, and stiired. The reaction flask was 

' 15 periodically dipped deeper into the heating bath in order to melt the pyridine 

hydrochloride that condensed on the sides of the flask. After 2 hours at i90''C, the 
reaction mixture was cooled to room teaq)eniture and partitioned between EtOAc (10 
mL) and water (10 mL). The aqueous phase was extracted with more EtOAc (2x5 
mL). The combined EtOAc extracts were washed with brine, dried over MgS04, 

20 flitted, and evaporated under vacuum to a yellow solid (55 mg). The crude product 
was suspended in EtOAc (10 mL) and extracted with 5% NaHC03 (5 mL). The 
NaHC03 solution was acidified with 2N HCl (2.5 mL) and extracted with EtOAc (2 x 
5 mL). The latter EtOAc extracts were combined, washed with brine, dried over 
MgS04, filtered, and evaporated under, vacuum to a yellow solid (39.4 mg). This 

25 mat^al was triturated with diethyl ether and dried under vacuum to afford (2£)-3-[4- 
(9a-butyl-7-hydroxy-3M5xo-23.9,9a-tetrahydro-l^r-fluoren-4-yl)phenyl]-^^ 
acid as a pale yellow solid. 

IH NMR (CD3OD, 500 MHz) 5 0.89 (t, CH3), 1.21-1.41 (m, CH2CH21 1.55 and 1.76 
30 (two m, CH2X 2.15 and 2.34 (two m, 1-Cff2)- 2.51 and 2.71 (two m, 2-CH2), 2.76 and 
3.01 (two d, 9-CH2)» 6.24 (d, 6.34 (dd, H-6), 6.53 and 7.73 (two d, CH=Cfl). 
6.71 (d, jy-8). 7.0-7. 3 (br m, two phenyl-fl), and 7.6-7.72 (br m, two phenyl-fl)- 

Mass spectrum, m/e 403.3 (M+l). 
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25 



EXAMPLE 13 

SYNTHESIS OP 9a-BmTI^7-HYDROXY-8-MFITryi^l^.9 .9a-TETRAITO 

3g-PLUORENr-3-ONB 




Step 1: 4-b!romo-2rbui:vl-5- ™f!*h"^V-l-^^'<<a«fw» 

10 A solution of 2-butyl-5-meflioxy-l-mdanone (1.869 g, 8.56 mmol) in 

anhydrous dimethylformamide (8.6 mL) was treated with JV-hromosucdnamide (1.676 
g, 9.42 nunol). The resulting mixture was stirred under a nitio^ atmosphere and at 
room temperature for 14 hours, and then heated in an oil bath at 50°C for 4 hours. 
After cooling to room temperature, the mixture was diluted with BtOAc(100 niL), 

15 washed with water (4 X 50 xnL) and brine (50 mL), dried ova: MgSC)4, and 
evaporated undor vacuum to a dark ainber oil (2.468 g). The crude product was 
purified by column chromatography on EM silica gpl 60 (230-400 mesh, 620 mL dry, 
packed under CH2CI2), uang CH2CI2 as duting solvent, to afford 4-hrQmo-2-butyl-5- 
mettioxy-l-indanone (1.267 g, contams approx. 3% of the 6-tnomo isomer) as a pale 

20 tansoHd. Earlier fractions afforded the 6-bromo isomer. 

IH NMR (CDa3, 500 MHz) 5 0.92 (t, CH3), 1.30-1.46 (m, CH2CH2), 1.47 and 1.95 
(two m, CH2), 2.68 (m, H-2), 2.72 and 3.25 (two dd, 3.99 (s, OCH3), 6.93 

and 7.70 (two d, H-6 and H-7). 



Step 2: 2-butvl-5-methoxv-4-methvl-l-in danQne 



A solution of 4-bromo-2-but;^-5-methoxy-l-indanone (1.159 g, 3.90 
mmol) in anhydrous dimediylformamide (39 mL) was treated with LiQ (455 mg, 
30 10.73 mmol), PPhs (205 mg, 0.78 mmol), PdCl2(PPh3)2 (205 mg, 0.292 mmol) and 
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• Me4Sn (1.08 mL, 7.80 mmol). The mixture was placed under a nitrogen atmosph 
thenstinedandheatedinanoilbathatlOO^C for 16.5 hours. After cooling to room 
temperature, the mixture was diluted with water (100 ndL) and extracted with Et^O 
(100 mL» 2 X 25 mL). The ether extracts were washed with brine, dried o\cr MgS04, 
5 filtered and ev^Kurated under vacuum to a yellow solid (1.29 g). This material was 
purified by chromatography on EM silica gel 60 (230-400 mesh, 130 mL dry, packed 
under CH2^2)' CH2CI2 ^ eli^g solvent, to afford a 92:3:5 mixture (0.90 g) 
of 2-butyl-5-methoxy-4-methyl-l-indanone, the 6-methyl isomer, and the desmethyl 
product This material was used as is in the next step. 

10 

IH NMR (CDOs. 500 MHz) 5 0.92 (t, Cffj), 1.30-1.48 (m, CH2CH2 and CHdHb), 
1.95 (m. CHafli), 2.18 (s, 4-CBr5), 2.63 (m, H-2), 2.65 and 3.19 (two dd, 3-CH2). 
3,91 (s, OCffj), 6.89 and 7.63 (two d. fl-6 and fl-7). 

15 Step 3: 2-butyl-5-methoxv-4-methvl-2-f3K)xo-butvlVl-indanone 

Methyl vinyl ketone (MVK, 0.49 mL, 5.9 mmol) and 1,8- 
diazabicycloI5.4.0]undec-7-ene (DBU, 0.12 mL, 0.8 mmol) were added to a solution 
of impure 2-butyl-5-methoxy-4-methyl-l-mdanone (0.90 g, 3.9 mmol) in anhydrous 

20 tetrahydrofuran (THF, 3.9 mL). The resulting solution was stiiied at room 

temperature for 30 hours, then diluted with Et20 (50 mL), washed with water (20 
inL),. IN HCl (20 mL), and brine (20 mL), dried over MgS04, filtered, and evaporated 
under vacuum to an amber oil (1.23 g). The crude product was purified by 
chromatography on EM silica gel 60 (230-400 mesh, 125 mL dry, packed under 4: 1 

25 hexanes-EtOAc). The column was eluted with 4:1 hexanes-EtOAc, collecting 25 mL 
. flections. Fractions 14-27 gave a 93:2:5 mixture (0.96 g) of 2-butyl-5-methoxy-4- 
methyl-2-(3-oxo-butyl)-l-indanone, the 6-methyl isomer, and the desmethyl product 
This material was used in the next step. 

30 IH NMR (CDOs, 500 MHz) 5 0.83 (t, CH2CH2CH2Cff3), 1.07 and 1.17 (two m, 
CH2CH2CH2CH3), 1.24 (m, CH2CH2CH2CH3), 1.59 (m, Cfl2CH2CH2CH3), 1.81- 
1.95 (m. CH2CH2CO), 2.06 (s, 2.17 (s, COCH5), 2.31 (t, CH2Cff2CO), 2.75 

and 2.91 (two d, 3-0^2). 3,91 (s, OCH31 6.90 and 7.61 (two d, ff-6 and H-l). 
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Step 4: 9a>butvl-7>me1faoxv-8>metfavl-lJ2,9,9a--tetrahvdro-3 

A solution of inqpuxe 2-butyl-5-inethoxy-4-methyl-2<3-oxo-but^)-l" 
indanone (0.96 g, 3.17 mmol), acetic acid (0.182 mL, 3.18 mmol) and pyrrolidine 
5 (0.265 mL, 3.18 mmol) in anhydrous toluene (15.9 mL) was stirred and heated in an 
oil bath at 80°C for 16 hours. After cooling, the reaction mixture was diluted with 
Et20 (100 mL), washed with IN HQ (2 x 25 mL), 5% NaHCOg (50 mL), and brine 
(50 mL), dried over MgS04, filtered, and evaporated under vacuum to a dark brown 
oil (0,86 g). The crude product was purified by chromatography on a Biotage FLASH 
10 40S column, eluting with 9:1 hexanes-EtOAc, to afford 9a-butyl-7-meflioxy-8- 
methyH;2,9,9a-tetrahydio-3ff-fluoren-3-one (0.50 g) as an off-white solid 

IH NMR (CDQa, 500 MHz) 5 0.85 (t, CHj), 1.16-1.32 (m, CH^Hzl 1.44 and 1.63 
(two m, CH2). 1-97 and 2.29 (two m, I-CH2). 2.15 (s, S-Cffj), 2.44 and 2.55 (two m, 
15 2-Cff2). 2.58 and 2.99 (two d, 9-Cff2). 3.88 (s, OCffj), 6.82 (d. H-6), and 7.41 (d. ff- 
5). 

Step 5: 9a-butvl-7-hvdroxv-8-methvl-i:Z,9.9artgtrahvdio-3H-fluoren-3^ne 

20 A solution of 9a-butyl-7-methoxy-8-methyH ,2,9,9a-tetrahydro-3J?- 

fluoren-3-one (28.4 mg, 0.1 mmol) in anhydrous CH2CI2 (1.7 mL) was stirred under a 
nitrogpn atmosphere and cooled in a dry ice-nacetone bath while IM BBr3 in 0^202 
(0.30 mL, 0.3 mmol) was added dropwise by syringe. The cooling bath was removed 
and the reaction tnixture was stirred at room temperature for 4 hours. Themixture 

25 was diluted wiA EtOAc (8 mL), wal^ (3 mL) and INHCL (1 mL) and shaken 
vigorously. The EtO Ac layer was separated, washed with water (3 mL), IM pH 3 
phosphate (3 mL) and brine (3mL), dried over MgS04, filtered and evaporated under 
vacuum to give an ochre solid (26.8 mg). The crude product was suspended in CDCI3 
(1 mL) and filtered. The solid portion was dried under vacuum to afford 9a-butyl-7- 

30 hydroxy-8-methyl-l ,2,9,9a-3H-tetrahydTO-fluoren-3-one as an olive colored powder. 

IR NMR pMSO-d^, 500 MHz) 5 0.79 (t, Cffj), 1.07-1,27 (m, CH2CH2X 132 and 
L54 (two m, CH2)XSS and 2.18 (two m, I-CH2X 2.04 (s, S-C/fj), 2.23 and 2.44 (two 
m, 2-CH2). 2.54 and 2.92 (two d, 9-CH2)> 6.00 (s, H-4), 6.77 (ff-6), 7.38 (d, H-5), and 
35 9.99(brs,OiO. 
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m (nujol muD) 1624, 1602, 1575. 1452, 1436, 1361. 1291, 1265. 1253. 1236. 1220. 
1200. 1062. 1048, 991. 889, and 830 cnrl. 

5 Mass spectrum, m/e 271.1 ^+1). 



EXAMPLE 14 

SYNTHESIS OF4--BROMO-9a-BUTYL-7-HYDROXY-8-MEmYI^ 
TBrRAHYDRO-3H-FLUOREN-3-ONE 




Me 



Step 1: 4-bromo-9a-biityl-7-metfaoxv-^-metfavl-1^.9^a4et^ 

A mixture of 9a-butyl-7-methoxy-8-methyl-l,2,9,9a-tetrahydro-3jff- 
fluoien-3-one (133 mg, 0.468 mmol), CCI4 (0.94 mL), and NaHC03 (196 mg, 2.333 
mmol) was cooled in an ice bath and stirred. Bromine (0.024 mL, 0.467 mmol) was 
added while stirring and swirling the reaction mixture by hand. A gummy, red 
precipitate formed during the addition. The mixture was swirled by hand for 5 
minutes in order to break up the gum, which gradually changed to a stirrable orange 
solid. The mixture was stined and swirled a total of 35 minutes at 0°C. The mixture 
was diluted with CH2CI2 water and shaken. The organic phase was separated, 
washed with water containing Na2S204, washed with brine, dried over MgS04, 
filtered, and evaporated under vacuum to a yellow gum (241 mg). The crude product 
was purified by preparative layer chromatography on two 0.1 x 20 x 20 cm silica gel 
GF plates, developing with 4:1 hexanes-EtOAc. The major UV visible band at Rf 
0.39-0.50 was eluted with EtOAc and evaporated under vacuum to give 4-bromo-9a- 
butyl-7-methoxy-8-methyHA9,9a-tetrahydro-3if-fluoren-3-one (151 mg) as a white 
solid. 



-65- 



wo 01/82923 



PCTAJSOl/04831 



IHNMR (CDQa, 500 MHz) 8 0.84 (t, CHj), 1.16-1.29 (m, CH2CH2), 1.46 and 1.64 
(two m, CH2), 2.07 and 2.27 (two m, I-CH2). 2.16 (s, S-CH3), 2.65 and 2.99 (two d, 
9-CH2). 2.68-2.79 (m, 2-CH2). 3.91 (s, OCH3), 6.84 (d, H-6), and 8.42 (d, H-5). 

5 

Ste p 3: 4-bromo-9a-butvl-7-jivdroxv-8-m&thYl-1.2.9.9a-t etrahvdit>-3g-flaorro^ 

A solution of 4-bromo-9a-butyl-7-methoxy-8-methyl-l,2,9,9a- 
tetrahydro-3jy-fluotwi-3-one (36.3 mg, 0.1 mmol) in anhydrous CS2C12 (1.7 mL) was 

10 cooled in a dry ice-a(»tonebadi and stilled undo: a N2atmosiAae. A 1 M solution of 
BBrs in CH2CI2 (0.30 mL, 0.3 mmol) was added diopwise by syringe. Taa cooling 
badiwa5i«novedandthemixtuiewasstinsdatioomtempecatuiefiar3Jhoui8. Ihe 
mixture was diluted with water (3 mL), IN HQ (1 mL), and EtOAc (8 mL) and 
shafcm. The EtOAc phase was separated, washed with watear (3 mL), IM pH 3 

15 phosphate (3 mL) and brine (3 mL), dried over MgS04, filtered, and evaporated under 
vacuum to give a daric green gum (38 mg). This material was purified by prq)arative 
layer chTomatograjrfiy on a 0.1 x 20 x 20 cm silica gel GF plate using 5% MeOH in 
EtOAc as developmg solveaaL The major UV visible band at Rf 0.40-0.51 waseluted 
with EtOAc to give a yellow solid (23.5 mg). The solid was reoystallized from Et20- 

20 hexanes to afford 4-hn>mo-9a-butyl-7-hydroxy-8-methyl-l,2,9,9a-tettahydro-3fr- 
fluoren-S-one as an off-white, fibrous solid. 

IH NMR (CDQa, 500 MHz) 5 0.85 (t, CHjX 1.15-1.29 (m, CH2CH2). 1-47 and 1.65 
(two m, CH2), 2.07 and 2.27 (two m, I-CH2). 2.20 (s, 8-CH3), 2.66 and 2.99 (two d, 
25 9-CH2). 2.69-2.80 (m,2-Cff2), 6.83 (d,H-6),and 8.33 (d, H-5). 

13c NMR (CDCI3, 125 MHz) 6 1 1.78, 13.93, 23.09. 27.56, 31.29, 34.18, 38.00, 
42.05, 51.27, 112.36, 114.44, 120.23, 127.11, 127.13, 130.31, 150.37, 157.40, 169.38, 
and 191.45, 

30 

m (nujol mull) 1637, 1552, 1458, 1376, 1293, 1251, 1203, 1064, 825, and 735 cm-1. 
Mass spectrum, m/e 349.0 C^+1), 351.0. 



-66- 



wo 01/82923 



PCT/USOl/04831 



EXAMPLE 15 
SYNTHESIS OF 9a-BlJm^.8-DIlMDBTmT^7-H^ 
TBrRAHYDRO-3g>PLUOREN-3>ONE 

5 




Me 



Step 1: 2-butvl-5-methoxv-4-methvl-2--(3-oxopentyl) -14ndflTinne 

10 A solution of 2-butyl-5-methoxy-4-methyH-indanone (100 mg, 0.43 

mmol) in tetnihydiofiiian (0.43 mL) was treated wiA etfayl vin^ ketone (EVK, 0.064 
mU 0.646 nuDoI) and l,8-diazahicyclo[S.4.0]iindec-7-ene (DBU, 0.013 ndU 0.086 
mmol). The resulting solution was stmed under a nitro^ atmosphcate and heated in 
anoilbathat60''C. After 24 hour, more EVK (0.064 mL) and DBU (0.013 mL) were 
added and the solution was heated an additional 24 hours at 60°C. Tbe reaction 
mixture was diluted with EtOAc (10 mL) and washed with water (10 mL) containing 
2N HQ (1 mL). The organic phase was washed with brine (5 mL), dried over 
MgS04, filtered, and evaporated under vacuum to provide oude 2-butyl-5-methoxy- 
4-methyl-2-(3-oxopentyl)-l-indanone. 

IH NMR iCOa^, 500 MHz) 5 0.85 (t, CH2CH2CH2Cif3), 1.01 (t, COCH2Cfl5), 1.08 
(m, CH2Cff2CH2CH3), 1.26 (m, CH2CH2CiJ2CH3), 1.61 (m, CH2CH2CH2CH3), 
1.91 (m, CffjCHiCO), 2.19 (s, 4^Hs\ 2.30 (m, CH2Cfl2CO), 2.36 (m, 
COCH2CH3), 2.78 and 2.93 (two d. 3-CH2), 3.94 (s, OCffj), 6.92 (d, H-6), and 7.63 
(d,g-7). 

Ste p 2: 9abutvl-4 -8-dimethYl -7-medioxv-1.2.9.9a-tetrahvdro-3g-fluoren-3-^^ 

A solution of the crude diketone from step 1 in acetic acid (1 mL) and 
6N HCl (1 mL) was stirred and heated in an oil bath at lOO^^C for 5 hours. After 
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cooling, the reaction mixture was diluted with EtOAc (20 inL), washed wifti wate^ (10 
mT.) and brine (10 mL), dried over tAg^O^^ filtered, and the solvent evaporated undor 
vacuum. The residue was purified by preparative layer chromatography on two 0.1 x 
20 X 20 cm silica gel GF plates, using 5% EtOAc in CH2CI2 as developing solvent, to 
5 afford 9a butyM,8-dime%l-7-methoxy-l A9.9a-tetrahydro-3/r-^^^ (84 
mg)asagum. 

IH NMR (CDCI3, 500 MHz) 5 0.85 (t, CH3X 1.17-131 (m, CHzCHii. 138 and 1.60 
(two m, 1.99 and 2.26 (two m, l-CHi^. 2,09 (s. 4-CHj), 2.17 (s, 8<:H», 2.48 
10 and 2.59 (two m, 2-Cfl2X 2.59 and 2.97 (two d, 9-Cff2). 3.91 (s, OGH5). 6.84 (d, H- 
6),and7.57(d,ff.5). 

Step 3: 9a btttvl-4.8-^ fnethvU7-h vdroxv-L2.9,9a-tetiahvdro> 3g-^^ 

15 A solution of 9a butyl-4,8-dimethyl-7-methoxy-l,2,9,9a-tetrahydro- 

3ff-fluor©n-3-one (84 mg, 0.28 mmol) in anhydrous CH2CI2 (3 mL) was placed undor 
a nitrogra atmosphere, cooled in an acetone-dry ice bath, and treated with IM BBr3 in 
CH2CI2 (1-11 ™L» 1-11 nmiol). The coolmg bath was removed and the reaction 
mixture was stirred at room temperature for 4 hours. The reaction mixture was 

20 diluted with EtOAc (20 mL), washed with water (20 ml) containing 2N HCl (2 inL) 
foUowed by brine (10 mL), dried over MgS04, filtered, and evaporated under 
vacuum. The crude product was purified by preparative layer chromatography on a 
01 X 20 X 20 cm silica gel GF plate, developing with 10 % EtOAc in €33202- 
UV visible product band was eluted with EtOAc and the solvent evaporated under 

25 vacuum. The residue was lyophilized fix>m benzene-methanol to afford 9a butyl-4,8- 
diinethyl-7-hydroxy-l,2,9,9a-tetrahydro-3ff-fluoren-3-one as a sohd 

IH NMR (DMSO-d6, 500 MHz) 5 0.77 (t, CHj), 1.15 (m, CH2CH2\ 1.25 and 1.50 
(two m, 1.89 and 2.13 (two m, l'CH2\ 1.90 (s, 4-CHj), 2.04 (s, 8-CHj), 2.27 
30 and 2.47 (two m, 2-C^r2). 2.52 and 2.88 (two d, 9-Ci/2). 6.79 (d, H-6), 7.38 (d, H-5), 
and 9.90(s,Ofl). 
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EXAMPLE 16 

SYNTHESIS OP9a-BITrYL.8-CHljORO-7-HYDROXY-4-METHYI^1^.9.9a- ^ 

^3g-PL[JORBN-3-ONB 




Stepl: 2-butvl-4-^hloio-5-metfaoxv-l>iDdanone 

iV^<3iloiosuccmiimde (505 mg, 3.8 mmol) was added to a solution of 
10 2-butyl-5-methoxy-l-iDdanone (825 mg, 3.8 mmol) in anhydrous dimetfaylformamide 
(3.8 mL) and the resulting solution was stirred under nitrogen and at room 
temperature ovmiglit The reaction mixture was diluted with EtOAc (50 mL), 
washed with 5% aqueous NaHCOj (20 ml), wat^ (3 x 50 mL) and brine (10 mL), 
dried over £^04, filtered, and evapcxraied under vacuunL The residue was purified 
by column chromatogr£5)hy on EM silica gel 60 (2320-400 mesh, 2.75 x 29 cm), 
eluting with CH2a2, to afford 2-butj4-4-chloro-5-methoxy-l-mdanone (148 mg) as 
an oil. 

IH NMR (CDQg, 500 MHz) 5 0.93 (t, CH3X L3M.52 (m, CHdHbCH2CH2X 1.95 
(m, CHafl&CH2CH2), 2.68 (m, H-2), 2.76 and 3.30 (two dd, 3-Cfl2)- 4-00 OC/fj), 
6.98 (d, H^l and 7.67 (d, H-T). 

Step 2: 2-butvl-4-chloro-5-methoxv-2-f3-oxopentvl) - 1 -indanonft 

A solution of 2-butyl-4-chloro-5-methoxy-l-indanone (200 mg, 0.79 
mmol) in anhydrous tetrahydrofiiran (0.8 mL) was placed under a nitrogen atmosphere 
and treated with ethyl vinyl ketone (0.118 mL, 1.19 nomol) followed by 1,8- 
diazabicyclo[5.4.0]undec-7-ene (0.024 mL, 0.158 mmol). The resulting solution was 
stirred and heated in an oil bath at 60^*0 for 47 hours. After cooling to room 
. temperature, the reaction mixture was diluted with EtOAc (20 mL) and washed with 
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water (20 mL) containing 2N HCl (2 mL). The oiganic phase was washed vnttx brine 
(10 mL), dried over MgS04, filtered, iand evaporated und^ vacuum to provide crude 
2-butyI^-<:Uoro-5-inetfaoxy-2-<3-<)xopratyl>l-indanone^( 

5 NMR (CDQa. 500 MHz) 5 0.86 (t, CH2CH2CH2CH3), 1.02 (t, C0C3i2Cffj), 
1.04-1.25 (m, CH2Ci32CH2CH3), 1.27 (m, CH2CH2Cff2CH3), 1.62 (m, 
CH2CK2CH2CH2>. 1-92 (m, CH2CH2CO), 231 (m, 237 (m, 

COCH^^X 2.88 and 3.03 (two d. 3-C2?2)» 4.02 (s, OCffj). 7.01 (d, if-6), and 7.67 
(d.iSr-7). 

10 

Step 3: 9aAutvl-8-cMQro-7-meAoxv-4-ipethvl-1.2.9.9a4etrahvd^ 

A solution of 2-butyl-4-chlon>-5-methoxy-2-(3-oxo-pentyl)-l-indanone 
(250 mg, 0.74 mmol) in acetic add (2 mL) was diluted with 6N aqueous HQ (2 mL). 

IS The resulting mixture was stine^ and heated in an oil bath at 90X for 18 hours, then 
keptatroomtenq)eFaturefor2days. The mixture was diluted with EtOAc (20 mL), 
washed with water (30 mL), 5% NaHC03 (10 mL) and brine (5 mL), dried over 
^sS04,filt»»d, and evqK>iated under vacuum to an oil (250 mg). The crude product 
was purified by preparative layer chromatography on three 0. 1 x 20 x 20 silica gel OF 

20 plates, developing with 5% EtOAc m CH2Q2> to afford 9a-butyl-8-^hloro-7-methoxy- 
4-methyl-l,2,9,9a-tetrahydro-3ff-fhiQrra-3-one (143 mg). 

IHNMR (CDaj, 500 MHz) 5 0.86 (t, CH31 1.15-1.30 (m, CH2CH21 1.40 and 1.60 
(two m, CH2\ 2.02 and 2.28 (two m, l-Cfl^), 2.08 (s, 2.49 and 2.60 (two m, 

25 2rCH2l 2.70 and 3.11 (two d, 9-Cfl2)» 3-98 (s, OCffj), 6.92 (d, H-6), and 7.60 (d, 
5). 

Step 4: 9a-butvl-8-<)hloro-7-hvdroxV'4-metfavl-l>2.9.9a-tetrahvdro--3g-fluoren-3-one 

A mixture of 9a-butyl-8-chloro-7-methoxy-4-methyH,2,9,9a- 
30 tEtrahydro-3H-fluoren-3-one (36.6 mg) and pyridine hydrochloride (2.66) was stirred 
and heated in an oil bath at 190-200X for 80 minutes. After cooling to room 
temperature, the mixture was partitioned between EtOAc (20 mL) and wator (30 mL). 
The organic phase was washed with brine (10 mL), dried over MgS04, filtered, and 
evaporated under vacuum. The residue was purified by preparative layer 



-70-. 



wo 01/82923 



PCT/IISOl/04831 



chromatography on a 0.1 x 20 x20 cm silica gel CxF plate, developing with 10 % 
EtOAc in CH2CI2' Th« UV visible product band was eluted with EtO Ac, the eluant 
evaporated under vacuum, and the residue lyopMlizedfit>m benzene tp^^^ 
butyl-8-cUoio-7-hydn>xy-4-methyl'l,2,9,9a-tetndiydro-3ff-fluore^^^ 
5 amotidious sdid. . : ; • 

IH MMR ODMSO-^, 500 MHz) S 0.77 (t, CHj), 1.04-1.23 (m. QH2QHii, 1.28 and 
1.52 (two m, Cfl2). 1.91 (s. 4-015), 1-96 and 2.14 (two m, l-CHU, 2.29 and 2.49 
(two m, 7rCH2\ 2,65 and 2.93 (two d, 9-Cfl^), 6.95 (d, Zr-6), and 7.52 (d, fl-5). 

0 

IR (KBr) 3416, 2954, 2859, 1610, 1459, 1343, 1270. 1100, 944, 867, and 820 cm-1. 
Mass spectrmn, co/e 333.0 ^+1), 335.0. 



EXAMPLE 17 

SYNTHESIS OP f23R.9aagV9a-BinYI^2.4-DIMBTBrra^7-^^ 
TETIUHYDRO-3g-ELUORElSr-3-ONE 




Step 1: (2SR. 9aSjgV9a-butvl-2.4-dunethvl->7-methoxv-l J2.9.9a-tetrahvd^ 
fluoren-3-one 

A solution of 9a-butyl-7-methoxy-4-methyl-l,2,9,9a-tetrahydiD-3fl- 
fluoren-3-one (142 mg, 0.5 mmol) in anhydrous tetrahydrofiiran (THF, 2.5 mL) was 
placed under a nitrogen atmosphere, cooled with stirring in an ice bath, and treated 
with lithium diisopropylamide (1.5 mL of a 0.4 M solution in THF/hexanes, 0.6 
mmol). After 40 minutes at 0°C, the solution was cooled to -78° C (dry ice-acetone 
bath) and iodomethane (0.16 mL, 2.5 lomol) was added. The resulting solution was 
allowed to slowly warm to room temperature. After 16 hours at room temperature, 
the solution was diluted with EtOAc (50 mL) and washed with 1 N HCl (30 mL). The 
aqueous add phase was back-extracted with EtOAc (25 mL). The combined organics 
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were washed successively with 5% aq, NaHC03, water, and hrine (30 mL each), dried 
oyerMgS04, filtered, and evaporated tinder vacuum to afford 147 mg of ^ 
This matedal was purified by preparative layer chromatogr^hy (6.1 x cm 
silica ^1 GF plate), using 5:1 hexanes-EtOAc as eluting solvent, to afford :\- 
5 (251i,9aSR>9a4>utyl-2,4-dimethy!-7-nie^ 
(1 12 mg) as a faindy yellow oil. 

IH NMR (0X33, 500 MHz) 5 0.86 (t, Cffj). 1.20-1.31 (m, CH2CH2), 1.23 (d, 2- 
CHs) 1.35 and 1.62 (two m, CH21 1.74 (t, H-la), 2.09 (s, A^HsX 2.28 (dd, H-lb), 
0 2.56 (m, 2.69 and 2.96 (two d, 9-CH2X 3.87 (s, OCflj), 6.85-6.87 (m, H-6 and 
ff-8), and 7.65 (d,H.5). 

Step 2: f2^j?.9a^JgV9a-butvl-2.4-dimethvl-7-hvdn)xv-l,2.9^^^ 
3-one 

5 A solution of (251f,9aSiJ)-9a4)Utyl-2,4-dunefliyI-7-inethoxy-l^^^ 

tetxahydn>-3ff-fluQren-3-one (112 mg, 038 mmol) in dichlorometfaane (CH2Cl2)was 
cooled to -78^ C under a nitrogen and treated witfi boron tribromide (1.12 mL of a IM 
solution in CH2a2* 1-12 mmol). The cooling baft was removed after five minutes 
and the reaction mixture stirred forl7 hours at room temperature, after which time 

} additional boron tribromide (1 mL, Immol) was added. After 23 hours, the reaction 
mixture was diluted with EtOAc (50 mL), washed with 1 N HQ, 5% aq. NaHC03, 
and brine (30 mL each), then dried ov^ MgS04, filtered and concentrated und^ 
vacuum. The crude product was purified by preparative layer chromatography OPLC, 
0.1 X 20 X 20 cm silica gel GF plate), developing with 4/1 hexanes-EtOAc, to give the 

S product as a yellow oil (17 mg). Ihis oil was repurified by PLC, using die same 
conditions, and the product lyophilized firom benzene to give (25K,9a5iR>-9a-butyl- 
2,4-dhnethyl-7-hydroxy-l,2A9a-tetrahydro-3ff-fluoren-3-<^ (90% pure). 

IH NMR (CDOs, 500 MHz) 5 0.86 (t, Cfl», 1.20-1.31 (m, CH2CH2X 1.23 (d, 2- 
) CH3) 1.36 and L60 (two m, CH21 1.74 (t, H-la), 2.08 (s, 4-Cffj), 2.29 (dd, H-lh), 
2.57 (m, ff-2), 2.68 and 2.94 (two d, 9-C/?2), 5.1 (s, OH), 6.78-6.81 (m, H-6 and ff-8), 
and 7.61 (d,H-5). 
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EXAMPLE 18 

SYNTHESIS OF (2SR.9sRS)-9^-BmirL^2.4-DTMEl^^ 

PROPYI^1.2.9,9a-TBIRAHYDRO-3H-PLUORENr>3-^ 



5 




Step 1: 9a"bulyl-7-meftoxviDethoxv-4-metfavl~1^.9.9a-tetTahvdrc^ 

A solution of 9a-butyl-74ordroxy-4-methyl-lA9,9artetr^ 
10 fluoraa-3-one (5.30 g, 21 mmol) in anhydrous dimethylfonnamide (SO mL) was 
cooled in an ice bafli, stirced under a nittog^ atmosphere, and treated successively 
with iV;//-diisopiopyl-ethylamine (10.S mL» 60 mmol) and cUorometfayl methyl etfa^ 
(3.45 ndU 41 mmol). Theiesultingmixtute was stinred while gradually wanning to 
. room temperatme over 5 hours. After 5.5 hours, additional iV,Ar-diisopropyl- 
15 ethylamine (3 mL) and chloiomethylmetfiyl ether (1 mL) were added. After stirring 
an additional 25 minutes at room temperatme, the reaction mixture was diluted with 
EtOAc (1 L) and washed with 1.3N HQ (1 L). The aqueous phase was separated and 
extracted with BtOAc (200 mL). The combmed organics were washed with 5% 
NaHC03 (500 ml) and brine, dried over MgS04, filtered , and concentrated under 
20 vacuum to an orange oil (6.5 g). This material was divided into three portions and 
each purified by flash chromatography on silica gel using Biotag^ FLASH 40M 
columns and 10:1 hexanes-EtOAc as eluting solvent The product containing 
fiiactions were combined and evaporated under vacuum to afford 9a-butyl-7- 
methoxymethoxy-4-methyH,2,9,9artetrahydro-3H-fluoren-3-one (4.98 g) as an oil. 

25 

IH NMR (CDQs, 500 MHz) 5 0.86 (t, CHsl L18-1.32 (m, CH2CH2X 1.39 and 1.60 
(two m, CH21 1.98 and 2.25 (two m, I-CH2), 2.09 (s, 2.48 and 2.59 (two m, 

2-CH2). 2.72 and 2.98 (two d, 9-CH2). 3-52 (s, OCH3X 5.24 (m, OCH2O), 6.98 (dd, 
fr6), 7.02 (d, ff-8), and 7.66 (dd, H-5). 

30 
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Step 2: f2ag>9aagV9a-butv^2.4 ^imftthYU7- methox\^^ 
3H"fluoieD-3-Qne 

A 0.4M solution of lithium diisopicq[>ylainide (LDA) in tetrahydxofijran 

5 CTHF) was prepared by dissolving diisopropyl amine (0.56 mL, 4: wmol) in ^ydious 
THF (S xdL), cooling Ifae solution to O^'C, adding eith^ 1.6M (2.5 ihL) or 2.5M (L6 
mL) butyilitfaium in hexanes. dOuting the resultmg solution to 10.0 mL total volume 
with anhydrous THF, and stirring the solution for at least 30 minutes at 0**C. 

A solution of 9a-butyl-7-methoxymethoxy-4-methyH,2,9,9a- 

0 tetrahydn>-3ff-fluoren«3-one (162 mg, 0.52 nmiol) in anhydrous THF (2.5 mL) was 
cooled in an ice bath and stirred under a nitrogen atmosphere while 0.4M LDA in 
THF (1.55 mL, 0.62 mmol) was added by syringe. After stirring at O^^C for 30 
minutes, the solution was cooled to -78^C (dry ice-acetone bath) and treated with 
iodometfaane (0.162 niL» 2.6 mmol). The resulting mixture was allowed to slowly 

5 warmtoroomteDap«:ature»diaisturedatn)omtra3iper^^ Themixture 
was diluted with EtOAc (60 inL) and shaken with satunited aqueous 
The aqueous phase was extcacted with more EtOAc (20 mL). The cominned organics 
were washed widi 5% NaHCC)3, wat^, and brine, dried over MgS04, filtered, and 
concentrated under vacuum to a yellow oil. The crude product was purified by 

0 preparative layer chromatography (PLC) on a 0. 1 x 20 x 20 cm silica gel GF plate 
using 4:1 hexanes-EtOAc as developing solvent. The band at Rf 0.44-0.56 was 
extracted with EtOAc and the extracts evaporated under vacuum to provide 
(25/f,9a5/?)-9a-butyl-2,4Kfimethyl-7-methoxymethoxy-l,^^^ 
fluoren-3-one (111 mg) as an oil. 

5 

IR NMR (CDCI3. 500 MHz) 5 0.87 (t, CH31 1.19-1.34 (m, CH2CH2X 1.23 (d, 2- 
CH3X 1.37 and 1.61 (two m, CH2), 1.73 (t, l-CHoHb), 2.08 (s, 4-Ci/j), 2.29 (dd, 1- 
CHaH&), 2.56 (m, H-2), 2.69 and 2.96 (two d, 9-0^2), 3.52 (s, OCiJj), 5.24 (m, 
OCH2O), 6.98 (br d, H-6), 7.01 (br s, i/-8). and 7.65 (d, ^-5). 

Step 3: (25/?.9aj?^>-9a-butyl-2.4-dimetfavl-7-methoxvmethoxv-2-Dropvl-L 
tetrahvdro-3fl-fluoren"3-one • 

A solution of (257?,9aSR)-9a-butyl-2,4-dimethyl-7-methoxymethoxy- 
5 l,2,9.9a-tetrahydro-32/-fluoren-3-one (1 10 mg, 0.34 mmol) in anhydrous THF (1.5 
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caL) was cooled in an ice bath, stined under a nitcog^ atmosphere, and treated with 
0.4MLDAinTHF(lmL,0.4inmol). After stimng at O^C for 30 minutes, the 
solution was cooled to -78°C and treated with iodopropane (0.170 niu 1.7 mmol). 
The resulting mixture was allowed to gradually warm to room temperature, then 

5 stined at room temperature overnight Woriaip as described in step 2 afiForded a crade 
product (112 mg) which was purified by PLC on a 0.1 X 20 X 20 cm silica gel GF 
plate, using 10:1 hexanes-EtOAc as developing solvent. Hie band at Rf 0.20-O.27 
gave recovered starting material (39 mg) and the band at Rf 0.31-0.38 afiforded the 
product (251?,9a/?S)-9a-butyl-2,4-dimethyl-7-meA^ 

10 tetrahydro-3ff-fluoren-3-one (41 mg) as an oil. 

IHNMR (0X33. 500 MHz) 5 0.83 (t, CH5), 0.85 (t, CiTj), 1.00-1.54 (m, 
CH^fmzCa^ and CH2CH^2^ii> 1-32 (s, ^CH3\ 1.91 and 2.13. (two d, 1<»2)» 
2.11 (s. 4-CH5), 2.70 and 3.00 (two d, 9-Cfl2), 3.52 (s, OCflj), 5.23 (m, OCH^\ 
15 6.97-7.01 (m, H-6 and H-8), and 7.67 (d, H-5). 

Step 4: (7SR.9iiRSS'9 ^^^-'>,^rcx t^^^^ 
3H-fluoren-3-one 

20 A solution of (25/2,9a/?5)-9a-butyl-2,4Hlimethyl-7-methoxyinethoxy-2- 

propyH,2,9,9a-tetrahydio-3H-fluoren-3-one (40 mg, 0.11 mmol) in methanol 
(approx. 0.5-1 mL) was placed undrar a nitrogen atmosphere and treated with 2N 
aqueous HCl (0.165 mL. 0.37 mmol). The resulting yellow solution was stirred and 
heated in an oil bath at 85** C for 60 minutes. On cooling, the mixture deposited 

25 white crystals. The rxiixture was cooled in an ice bafh and filtered. The crystalline 
product was washed with ice-cold 5:1 MeOH-W HQ (2x2 ML) and dried under 
vacuum to afford (251?,9a/JS)-9a-butyl-2,4-dimelhyl-7-hydroxy-2-pro^ 
tetrahydro-3//-fluQren-3-one. 

30 IH NMR (CDCI3, 500 MHz) 5 0.83 (t, CH3), 0.85 (t, Cffj), 1.00-L55 (m, 

Ci?2Cff2CH3 and CH2CH2CH2CR^\ 1.32 (s, l-CH^), 1.92 and 2.12. (two d, l-CHi), 
2.11 (s, 4-CH5), 2.68 and 2.98 (two d, 9-CH2\ 5.26 (s, Ofl), 6.78-6.82 (m, H-6 and 
//-8), and 7.63 (m,£r-5). 
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BXAMHJB19 

SYNTHESIS OP 9a-BIJm^7-HYDROXY>2.2.4-TtUMElI^ 
TBTElAHYDRO-3H-PLUOREN-3>ONB 




Step 1: 9a-buM"7-methoxvmetfaoxv~2^,4-trimethvl-L2,9.9a-tetrahvdn>^ 
3-one 

10 A solution of (252i,9a5j0-9a-butyl-2,4-dimethyl-7-me^ 

l,2^^a-te1iahydio-3fl-fiiuoieQ-3-one (39 nig» 0.12 mmol) in anhydrous THF (1.0 mL) 
was cooled in an ice bath, stiired under a nitrogw atmosphere, and tiealBd with 0.4M 
IDA in THF (039 mL, 0.16 mmol). After stirring at 0°C for 30 minutes, the yellow 
solution was cooled to -78^C and treated with iodomethane (0.037 mL, 0.6 nunol). 

IS The resulting mixture was allowed to gradually warm to room temperature, then 
stirred at room temperature overnight. Workup as described in Example 18, step 2, 
afforded a crude product which was purified by PLC on a 0.1 x 20 x 20 cm silica gel 
GF plate, using 10:1 hexanes-EtOAc as developing solvent Ihe band at Rf 0.18-0.24 
affQided9a-butyl-7-ineflioxymethoxy-2,2,4-triniethyl"lA9,9a4eti^ 

20 3-6ne(28mg)asanoil. 

IH NMR (CDCI3, 500 MHz) 5 0.85 (t, Cifj), 1.15 and 1.35 (two s, two 2-CHj), 1.20, 
1.39 and 1.55 (three m, CH^H2CH2CE2), 1.85 and 2.27. (two d, I-CH2X 2.12 (s, 4- 
CH3X 2.66 and 2.99 (two d, 9-CH21 3.52 (s, OCH3X 5.23 (m, OCH2O), 6.97-7.01 
25 (m, fl-6 and ff-8), and 7.67 (d, H-5). 



Step 2: 9a-butvl-7-hvdroxv-2.2.4-trimethvl-L2.9.9a-tetrahvdro-3H-fluoren-3-one 

A solution of 9a-butyl-7-methoxymethoxy-2,2,4-trimethyl-l ,2,9,9a- 
30 tetrahydro-3J¥-fluorm-3-one (28 mg, 0.08 mmol) in methanol (2 mL) was placed 

under a nitrogen atmosphm and treated with 2N aqueous HQ (0.12 mL, 0.24 nomol). 
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The resulting yellow solution was stiired and heated in an oU batti at 5S-80^C for 45 
minutes. After cooling to n>omtmpecatuie, the 

mL) and shakea with 5% aqueous NaHC03. The aqueous portion was separated and 
extracted with EtOAc (40 mL). The combined organics were washed with water and 
5 hrine, dried over MgS04, filtered, and concentrated under vacuum to a^ The 
crude product was purified by PLC on a 0. 1 x 20 x 20 cm silica gel GF plate, 
developing twice with 4:1 hexanes-EtOAc. Tlie band at Rf 0.34-0.43 was eluted with 
EtOAc and the eluant evaporated under vacuum to a residue which was lyophilized 
from benzene to afford 9a-butyl-7-hydroxy-2,2,4-tomethyl-i;2,9,9a-4etrahydro-3iff^ 
10 £luoren-3-one as an amorphous solid. 

IH NMR (CDQa, 500 MHz) 5 0.84 (t, CHj), 1.16 and 1.36 (two s. two TrCHs), 120, 
138 and 1-55 (three m, CH^^HzCE^X 1.86 and 2.26. (two d, l-Cffa). 2.12 (s, 4- 
Cffj), 2-65 and 2.97 (two d, 9-Cff2). 5.62 (s, OH). 6.80^.84 (m. H-6 andH-8). and 
15 7.64(m,H.5). 

Mass Spectrum, m/e 299.1 CM+1). 



20 EXAMPLE 20 

SYNIHESIS OP f2^/g.9aRjn-9a-BUrYI^7>HYDROXY-2-IODO^MEIH^ 
L2.9.9a-IETRAHYDRO-3g-PLUOREN-3-ONE 




25 

Step 1: f2SR>9aRSV9a-but\d-2-iodo-7-'methoxvmethoxv-4-methvl-L2>9>9a- 
tetrahvdn>-3g"fluoren-3-one 

A solution of 9a-butyl-7-methoxymethoxy-4-methyl-l,2,9,9a-- 
30 letrahydro-3if-fluoren-3-one (134 mg, 0.43 mmol) in anhydrous THF (2.5 mL) was 
cooled in an ice bath, stirred under a nitrogen atmosphere» and treated with 0.4M LDA 
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in THF (1.2 mL. 0.48 mmol). After stirring at 0°C for 30 minutes, the enolate 
, solution was cooled to -78 
mmoi) in TBDP. llie resulting mixture was iallowed to gradually Wami to room 
temperature, then stined at room ten^)eratureovernig}it The mixture was diluted 
5 with BtOAc (SO mL), washed witih IN HO, saturated aqueous lij^SO^ (2 x 30 mL), 
water, 5% NaHCb3, and hrine, dried over K^04, filtered, and evaporated under 
vacuum to provide oude (25/?,9aR2>-9a4>utyl-24odo-7-methoxymetfaoxy-4-n[i^ 
l,2,9,9artetrahydro-3£r-fiuoren-3-one as a gum. 

10 IH NMR (CDQa, 500 MHz) 5 0.86 (t, Cflj), 1.17-1.32 (m, CH2CH2), 1-38 and 1.59 
(two m, CH2X 2.15 (s, 4-CH3X 2.70 (t, l^^HoHb). 2.74 and 2.95 (two d, 9-CH2)» 2.93 
(dd, l-CHafl&), 3.51 (s, OCffj). 5.23 (m. 0Cfl20X 5.30 (dd, £^2), 6.97-7.02 (m, H-6 
and fr8). and 7.65 (d, H-S). 

15 Step 2: (25R.9aRy)-9a-butvl-7-hvdroxv-2-iodo-4-methvl-1.2.9.^^^ 
fluQren«3-one 

A suspension of (2jK,9aRS)-9arbutyl-2-iodo-7-metfioxymetfaoxy-4- 
methyl-l,2,9,9a-tetTahydro-3J9-fluoren-3-one (SO mg, 0.11 mmol) in miethanol (3.5 

20 mL) was placed under a nitrogen atmosphere, heated in an oil bath at 70^C to affect 
solution, then treated with 2N aqueous HCl (0.195 mL, 0.39 mmol). The resulting 
solution was stiorred and heated in an oil bath at 70°C for 50 minutes. After cooling to 
room temperature, the mixture was diluted with EtOAc and shaken with 5% aqueous 
NaHC03. The aqueous portion was separated and extracted with EtO Ac. The 

25 combined organics were washed with water and brine, dried over MgS04, filtered, 
and concentrated under vacuum to an oil. The crude product was purified by PLC on 
a 0.1 X 20 X 20 cm silica gel GF plate, developing twice with 5:1 hexanes-EtOAc. 
The band at Rf 0.24-0.32 was eluted with EtOAc and the eluant evaporated under 
vacuum to provide (25jR,9a/?iS)-9a-butyl-7-hydroxy-24odo-4-methyl-l 

30 tetrahydro-3/?-fluoren-3-one as an oil. 

IH NMR (CDCI3, 500 MHz) 5 0.86 (t, Cfl^), 1.16-1.32 (m, CH2CH2\ 1.39 and 1.60 
(two m, CH2\ 2.16 (s, 2.72 (t, l-CfloHb). 2.73 and 2.93 (two d, 9-0^2). 2.93 
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(dd, l-CHaH&). 5.31 (dd. ff.2). 5.52 (hr s, OH), 6.81-6.84 (m. H-6 mdH-S), and 7.63 
(m,H-5). 



EXAMPLE 21 

SYNTHESIS OP (2SR.9am-9a-BlJmr-2J--DIBnfDROXY-4^ 
TETRAHYDRO-3g-PLUOREN-3-ONE 




Step 1: 9a-btttvl-7-niethoxvinelhoxv-4"inethvl-3-t^^ 
fluarme 



A solution of 9a-butyl-7-nQethoxyinethoxy-4-niethyl-l,2,9,9a- 
15 tBtrahydro-3ir-fluaren-3-one (163 mg^ 0.52 mmol) in anhydrous THF (2.5 mL) was 
cooled in an ice bath and stirred under a nitrogen atmosphere while 0.4M LDA in 
THF (1 .9 mL, 0.78 mmol) was added by syringe. After stirring at 0°C for 30 minutes, 
the solution was cooled to -78°C (dry ice-acetone bath) and treated with 
chlorotrimethylsilane (0.100 mL, 0.78 mmol). The resulting mixture was allowed to 
20 slowly warm to rcx)m temperature, then stirred at room temperature oveiiiight The 
mixture was diluted witfi EtOAc (60 mL) and shaken with 5% aqueous NaHC03 (30 
mL). The aqueous phase was sq)arated and extracted with more EtO Ac (30 mL). 
The combined organics wm washed with saturated brine, dried over MgS04, filtered, 
and concentrated under vacuum to an oil (204 mg). The iHNMR of this material 
25 showed a 9: 1 mixture of 9a-butyi-7-methoxyniethoxy-4-methyl-3-trimethylsilyloxy- 
9,9a-dihydn>lfi-£luorene and starting material. 

IHNMR (C3)Cl3, 500 MHz) 5 0.26 (s, Si(C/?j)3), 0.82 (t, CHj), 1.04-1.40 (m, 
CH2CH2CH2X 2.07 (s, A^Hs), 2.19 and 2.39 (two dd, 1- CH21 2.48 and 2.95 (two d, 
30 9-CH2). 3.52 (s. OC//5), 4.95 (dd, ff-2). 5.21 (m, OCH2OX 6.94 (dd, H-6), 6.99 (d, 
8),and7.56(d,if-5). 
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Step 2: f23R,9a/Z^9a>butvl-2>hvdroxv-7>methoxvmeto 
tetrahydro-SH-fluoren-S-ope 

5 A solution of the crude tdmethylsilylenoletlier from step 1 (204^^1^ 

q>prox. 0.S mmol) in aidiydious CH2CI2 ^) treated wifli solid N^OOa (42 
mg» 0;.5 mmol) thra placed under a nitrogen atmosphere and stirred atxoom 
traoaperatuie. Themixtuie was treated over two minutes with tfiree potions of 96% m- 
chloroperoxybenzoic acid (65. 69, and 45 mg, 1.0 mmol), purging with nitrogen after 

10 each addition. After stirring ovenught at room temperature, the mixture was diluted 
with CH2a2 (5 idL)» treated with saturated aqueous Na2S03 (5 mL), and stirred at 
room temperature for 25 minutes. The mixture was partitioned between 03202 (50 
mL) and water (10 mL), and the aqueous portion extracted with more Ca2^2 (25 
mL). The combined organics were washed witii water and brine, dried over MgS04, 

15 filtered, and concentrated undCT vacuum to an oil (221 mg). The crude product was 
purified by ptq>arative layer chromatography on two 0. 1 x 20 x 20 cm dlica gel GP 
plates using 4:1 hexanes-EtOAc as die developmg solvent The major UV visible 
band at Rf 0.19-0^ gave (251{,9aRS>-9a-butyl-2-hydn>xy-7-nKthoxyrnedioxy-4- 
mefhyl-1 A9,9a-tetrahydro-3i5r-fluoren-3-one (73 mg) as an oil. 

20 

IH NMR (CDOs. 500 MHz) 5 0.89 (t, Cffj), 1.22-1.40, 1.48, and 1.65 (three m, 
CH2CH2CH2). 1.91 (t, l-CffoHb), 2.14 (s, 4-CH3), 2.68 (dd, l-CHafl&), 2.74 and 
2.99 (two d, 9-Cfl2)» 3.52 (s, OCffj), 3.77 (d, OH), 4.35 (ddd, ff-2). 5.24 (m, 
00^20)- 7.00 (dd, H-6), 7.03 (d, H-S), and 7.67 (d, fl-5). 

25 

Step 3: (25j?.9ajg.y)-9a-butvl^2,7>^hvdrDxv-4-methvl-l,2>9.9a-tetr^ 
3-one 

A solution of (2SR,9a/?S)-9a-butyl-2-hydroxy-7-methoxymethoxy-4- 
methyH,2,9,9a-tetiahydn>-3H-fluoren-3-one (73 mg, 0.22 mmol) in methanol (5 mL) 

30 was placed under a nitrogen atmosphere, treated with 2N aqueous HCl (0.33 mL, 0.66 
nunol), and stirred with heating in an oil bath at 80**C for 30 minutes. After cooling 
to room temperature, the reaction mixture was diluted with EtOAc, washed with 5% 
aqueous NaHC03 and brine, dried over MgS04, filtered, and concentrated imder 
vacuum to an oil. The crude product was purified by PLC on a 0.1 x 20 x 20 cm silica 

35 gel GF plate, developing twice with 4: 1 hexanes-EtOAc. The band at Rf 0.12-0.20 
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. was eluted with BtOAc and the duant evaporated und^ vacuum 
This matecial orystallized from benzene to afford (2iSK»9aRS)-9a-butyl-2,7-dihydroxy- 
4-metfa;^-l,2,9,9a-letrahydro-3H-fluorBn*3^ as a white sohd. 

5 NMR (CDC13, 500 MHz) 5 0.88 (t, Cffj). 1.22-1.39, 1.47, and 1.64 (three m, 
CH2CH2CH21 1.92 (t, l^HdHbX 2,14 (s, 4-Ci?5), 2.68 (dd. l<:Hafl&), 2.72 and 
2.97 (two d, 9-Cfl2), 3.84 (br s, Ofl), 4.37 (dd, ff-2), 6.80-6.84 (m. and ff-8), and 
7.63(d,H-5). 



EXAMPLE 22 

SYNIHESIS OP f 2fa>9a5RV9a-BIJTYI^7-HYDROXY--2^2^HYDROXYB^ 
4-MBTBm^l^.9.9a>IEIRAHYDRO>3g-H.U^ 



15 




Step 1: f25:R>9ay/?V2-anvl-9a-butvl-7-metfaoxvme1hoxv-4-metfavl^ 
tetrahvdio-3jg-fluoren-3-one 

20 A solution of 9a-butyl-7-methoxymethoxy-4-methyl-l A9,9a- 

tetrahydro-3ff-fluoren-3-one (230 mg, 0.73 mmol) in anhydrous THF (3.8 mL) was 
cooled in an ice bath, stirred under a nitrogen atmosphere, and treated with freshly 
prepared 0.4M LDA in TEIF (2.2 mL, 0.88 mmol). The resulting solution was stirred 
at 0°C for 30 minutes, then cooled to -78*'C (dry ice-acetone bath) and treated with 

25 allyl bromide (0.316 mL, 3.65 mmol). The reaction mixture was allowed to gradually 
warm to room temperature then stirred at room temperature overnight The noixture 
was diluted with EtOAc (60 mL) and shaken widi IN HCl (35 mL). The aqueous 
phase was extracted with EtOAc (20 mL) and the combined organics were washed 
with 5% NaHC03 and brine, dried over MgS04, filtered, and concentrated under 

30 vacuum to a yellow oil. The crude product was purified by preparative layer 

chromatography on three 0.1 x 20 x 20 silica gel GF plates using 4:1 hexanes-EtOAc 



-81- 



wo 01/82923 



PCTAJSOl/04831 



as developing solvent Hie UV visible band at Rf 0.44-0.56 was eluted widi EtOAc 
and the eluant evaporated under vacuum to afford (2SR,9aS/Z)-2-allyl-9a-butyl-7- 
methoxymethoxy-4-niethyl-l^,9,9a-tetrahydro-3H-fluoren-^ (193 mg) as an oil. 

5 IH NMR (CDa3, 500 MHz) 5 0.86 (t. Cfl», 1.18-1.29 (m. CH2CH2X 1.36 and 1.58 
(two m. CHii, 1.67 (t, l-CfloEIb), 2.09 (s, 4-Cff3), 2.20 and 2.51 (two m, CH^^\ 
2.30 (dd, l-CHafl&). 2.70 and 2.97 (two d, 9-Cff2)- 2.80 (m, ff-2). 3.52 (s. OCflj), 
5.04-5.12 (m. CH=Cff2), 5.23 (m, OCH2O), 5.79 (m. CH=CH2). 6.98 (dd, ff-6), 7.01 
(d,£r-8), and 7,65 (d,fl^-5). 

10 

Step 2: f2RS.9aa?V9a-butvl-2-(3~hvdroxv-2K>xopropvlV7-n^thoxv^^ 
methvl-l>2.9>9a-tetrahvdro-3g-fluoren-3-one and f2jg5,9aSRV9a-butvl-7- 
nietfaoxvmethoxv-4-methvl-2^2-oxoethvlVL2.9.9a-tetrahvdrD-3g>^^ 

15 A solution of (2S/e,9a5/?>-2-anyl-9a-butyl-7-niethoxymethoxy-4- 

metfayl-1^9,9a-tetcahydio-3£r-fluoren-3-one (170 mg, 0.48 mmol) in dioxane (9 mL) 
was diluted with water (3 mL) and treated with a single crystal of OSO4 followed by 
NaI04 (125 mg, 0.58 nmiol). The mixture was stirred at room temperature for 15 
minutes, treated with more NaI04 (132 mg, 0.62 mmol), and stirred an additional 30 

20 minutes at room tempCTature. Workup provided a gum which was purifiied by PLC on 
two 0.1 X 20 X 20 cm silica gel GF plates, developing twice with 4:1 hexanes-EtOAc. 
The minor UV visible band provided (2/?5,9a^i?>-9a-butyl-2-(3-hydroxy-2- . 
oxopn)pyl)-7-methoxymethoxy-4-metiiyl-l,2,9,9a-tetrahydro-3iy-fluoren-3-^^ 
mg) as an oil. The major UV visible band afforded (2R5,9a5i?)-9a-butyl'-7- 

25 methoxymethoxy-4-methyl-2-(2-oxoethyl)-l ,2,9,9a-tetrahydro-3/f-fluoren-3-one (85 
mg) as an oil. 

IH NMR (CDCI3, 500 MHz) of (2R5,9aS/?)-9a-butyl-7-methoxymethoxy-4-methyl-2- 
(2-oxoethyl)-l,2,9,9a-tetrahydro-3H-fluoren-3-one: 5 0.89 (t, CH3), 1.27, 1.40 and 
30 1.69 (three m, CH2CH2CH2\ 1.81 (t, 1-CffaHb), 2.09 (s, 4-Cffj), 2.33 (dd, 1- 

CHaflfe), 2.47 and 3.06 (two ddd, CH2CHO), 2.69 and 2.98 (two d, 9-CH2), 3.15 (m, 
H'2l 3.52 (s, OCH3X 5.24 (m, OCT/sO), 6.99 (dd, ff-6), 7.02 (d, H-8), 7.66 (d, fl-5), 
and 9.91 (t,Ci?0). 
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Ste p 3: (2/g.y.9a^i?V9a-butvl>7-hvdiDxv-4>methvl-2--f2-oxoe^^^ 
3H>fluoTen-3-ODe 

A solution of (2JW,9a5/?)-9a-butyl-7-methoxymethoxy-4-methy 
5 oxoeaiyl>l,2A9a-tetrahydn)-3ff-fluaren-3-on (85 mg) in meftanol (1 mL) was 
diluted with 2N HCl (0.36 mL, 0.72 mmol). The resulting mixture was stirred at 
room temperature for 30 minutes followed by heating in an oil bath at SO^'C for 40 
minutes. On cooling to room temperature, crystals formed The mixture was diluted 
with EtOAc and washed with 5% NaHC03 and IN HCL The aqueous washes were 
10 back-extracted with EtOAc. The combined organics were washed with brine, dried 
over MgS04, filtered, and concentrated under vacuum. The residue was purified by 
PLC on a 0.1 X 20 X 20 cm silica gel GP plate, using 2: 1 hexanes-ROAc as 
developmg solvent, to afford (2R5,9aSi?)-9a-butyl-7-hydroxy-4-methyl-2-(2- 
oxoethyl)-! A9,9a-tetrahydro-3H-fluoren-3-one (50 mg). 

15 

IH NMR (0X33. 500 MHz) 5 0.89 (t. CH3), 1.27, 1.41 and 1.69 (three m, 
CH2Cff2Cff2). 1-82 (t. l-CHoHb). 2.09 (s, 4-CH5), 233 (dd, l-CHafl&), 2.48 and 
3.06 (two ddd, CH2CHO), 2.67 and 2.96 (two d, 9-CH2). 3-15 (m, H-2), 5.12 (s. OH), 
6.78-6.82 (m, fl-6 and ff-8). 7.62 (d, i?-5). and 9.91 (t, CHO). 

20 

Step 4: (2R.S.9a5j?)-9a-butvl-7-hvdroxv-2>(2>hvdroxvethvn>4-m efc^^^ 
tetrahvdro-3g-fluoren-3-one 

A solution of (2/tS,9a5i?)-9a-butyl-7-hydroxy-4-methyl-2-(2-ox(>- 
25 ethyl)-l A9,9a-tetrahydro-3ff-fluoren-3-one (17 mg, 0.05 mmol) m 2-propanol (2 mL) 
was treated with NaBH4 (1.9 mg, 0.05 mmol) and the mixture was stirred at room 
temperature for 40 minutes. The solvent was evaporated under vacuum. The residue 
was taken up in EtOAc (60 mL), washed with 0.2N HQ (30 mL), 5% NaHCOg, and 
brine, dried over MgS04, filtered, and concentrated under vacuum to a gum (24 mg). 
30 This material was purified by PLC on a 0.1 x 20 x 20 cm silica gel GF plate using 2: 1 
hexanes-EtOAc as developing solvent. The UV visible band at Rf 0.06-0. 11 afforded 
(2i?5,9a5i?)-9a-butyl-7-hydroxy-2-(2-hydroxyethyl)-4-me%^ 
fluoren-3-one as an oil. 
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IH NMR (PDjOD, 500 MHz) 8 0.82 (t, CH3), 1.20, 1.33 and 1.56 (thiee m, 
CHfiH2CH2\ 1.48 and 2.22 (two m, CH2CH2OH), 1.66 (t, l-CHdHb), 2.01 (s, 4- 
CHj). 2.33 (dd, l-CHaAZ>), 2.61 (m. H-2), 2.64 and 2.92 (two d, 9-C£r2)> 3.68 (m. 
CH2CH2OH), 6.73-6.78 (m, flr-6 and HS), and 7.57 (d, H-5). 



EXAMPLE 23 

SYNTHESIS OF f25i?.9a5J?> -9- AT J YT ^0 a-BUrYL-7-HYDROXY-4-MEIHYI^ 
1.2.9.9a-TEreAHYDRO-3g-ELUOREN-3-ONE 




A solution of (2SR,9a£R)-2-a]lyl-9a-butyl-7-methoxymethoxy-4- 
medi^-l,2,9,9a-tetrahydio-3H-fluQrBn-3-one (5 mg, 0.015 mmol) in THF (0.5 mL) 
15 was treated with 6N HQ (0 J mL) and the resulting solution was heated at 50°C 
overnight The mixture was diluted with EtOAc (30 mL), washed with 5% NaHCXDs 
and brine, dried over MgS04, filtered, and evaporated under vacuum to a yellow oil. 
The crude product was purified by PLC on a 0.025 x 20 x 20 cm silica gel GF plate 
using 2: 1 hexanes-EtOAc as developing solvent The UV visible band at Rf 0.43-0.57 
20 afforded (25/?,9aS/?)-2-aUyl-9a-butyl-7-hydioxy-4-methyl-lA9,9a-tetrahydro-3ff- 
fluoren-3-one as a gum. 

IH NMR (CDCI3, 500 MHz) 5 0.85 (t, CH3), 1.16-1.30 (m. CH2CH2), 1.36 and 1.57 
(two m, CH2), 1.68 (t l-CfloHb). 2.09 (s, 4-CH3), 2.22 and 2.53 (two m. CH^=), 
2.29 (dd, l-CHafl6), 2.69 and 2.95 (two d, 9-CH2). 2.80 (m, H-2), 5.04-5.12 (m, 
CH.=CH2), 5.40 (s, Ofl). 5.79 (m, Cjy=CH2), 6.78-6.83 (m, H-6 and H-Z), and 7.62 
(d,/f-5). 
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EXAMPLE 24 

SYNTHESIS OP f2Rg>9affl;V9a.-BUm^7>HYDROXY-2-f3-^ 
OXOPROPYLV4^METim^l^9.9a^TBntAHYDRO--3g>^ 



5 




A solution of (2i£S,9a5IO-9a-*utyl-2<3-hydroxy-2-oxopropyl)-7- 
methoxymethoxy-4-methyl-l,2,9,9a-tetrahydr^ (24 mg, 0,06 mmol) 

in methanol (1 mL) was treated with 2N HQ (0.36 mL, 0.18 mmol) and Ae resulting 

10 solution was heated at leflux for 20 minutes. After cooling, the mixture was 

concentrated under vacuum to a residue that was dissolved in EtOAc (60 mL) and 
washed with 5% NaHC03 (30 mL). The aqueous phase was back-extracted with 
EtOAc (30 mL). The combined organics were washed with brine, dried over MgS04, 
filtered, and evaporated under vacuum. The residue was purified by PLC, using 1 : 1 

15 hexanes-EtOAc as developing solvent, to afford (2Z&S,9aSK)-9a-butyl-7-hydroxy-2-(3- 
hydroxy-2K>xopropyl)-4-methyl-l,2,9,9a-tetrahydro-3H-fluoren-3-one as an oil. 

IH NMR (CT>Cl3, 500 MHz) 5 0.88 (t, C/fj), 1.26, 1.40 and 1.70 (three m, 
CH2CH2CH2)y L84 (t, l-CifoHb), 2.06 (s, 4-0^5), 2.30 (dd, l-CHaH6), 2.37 and 
. 2.97 (two dd, CiJ2COCH20H), 2.65 and 2.96 (two d, 9-C//2), 3.22 (t, 
20 CH2COCH20i?), 3.27 (m, H-2), 4.29 and 4.48 (two dd, CH2COCfl20H), 6.03 (s, 
OH), 6.79-6.83 (m, H-6 and H-&\ and 7.61 (d, H-5). 
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EXAMPLE 25 

SYNTHESIS OP f9ag.9afflgV7-HYDROXY-4-MBTEnfI^9-PROPYI^^ 
TETRAHYDRO-3g-PLUOREN-3-ONE 




5. 
Pr 



Step 1: 6-methoxv-l-propvl>lH--indene 



A solution of 5-metfaoxy-lH-indene (0.895 g, 6.12 mmol) in anhydrous 
10 Et20 (7.5 mL) was treated wifli 1.4M MeU in Bt20 (4.7 mL, 6.58 mmol) added 
dropwise over 10 minutes. The lesulting hazy solution was stined at room 
tenqieratme an additional 15 minutes, then cooled in an ice bath and treated with 
iodopropane (1.00 mL, 10.3 mmol). The mixture was stirred at ice bath temperature 
with gradual warming to room temperature. After stirring at room temperature 
15 ovemigjit, the mixture was treated with saturated aq. NHt^Q (10 mL) and Et20 (15 
mL) and shaken. The organic phase was washed with brine, dried over MgS04, 
filtered, and evaporated under vacuum to afford a mixture (1.248 g) of 5-methoxy-l- 
propyl-lH-indene and 6-methoxy-l-propyl-lH-indMie as an oil. 



20 Step 2: e-methoxv-l-propvl-indan 



The mixture of indenes from step 1 (1.24 g, approx. 6.1 mmol) was 
dissolved in ethanol (40 mL), treated with 10% Pd on carbon (58 mg), and 
hydrogenated at 40 psi and room temperature for 60 minutes. The catalyst was 
25 removed by filtration and the filtrate was evaporated under vacuum to provide a 
mixture (1.287 g) of 6-methoxy-l-propyl-indan and 5-methoxy-l-propyI-indan in 
nearly a 1:1 ratio. 



Step 3: 5-methoxv-3>propvl-l-indanone 

30 
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The mixture of indans from step 2 (1.287 g, approx. 6.1 mmol) in 
CH2CI2 (50 mL) was treated with a finely ground mixture of KMn04 (7.00 g) and 
CuS04'xH20. The resulting mixture was heated at reflux for 89 hours, then cooled to 
room temperature and filtered through a celite pad. The filtrate was dried over 
5 MgS04, filtered and evaporated under vacuum to an oil (L 155 g). The crude product 
was purified by chromatography on a Biotage FLASH 12M column, eluting with 10% 
EtOAc in hexanes, to afford 5-methoxy-3-propyl-l-indanone (0.188 g) as an oil. 
Other column firactions afforded 6-methoxy-3-propyl-l-indanone, the indan starting 
matmals, and 5-methoxy-l-indanone. 

10 

IH NMR (CDCI3, 400 MHz) 5 0.99 (t. CHj), 138-1.54 (m, CHdHbCHzX L89 (m, 
CHafft), 236 and 2.85 (two dd, 2-0^2), 331 (m, H-3\ 3.91 (s, OCH5), 6.90-6.94 
(m, and fl-6), and 7.69 (m, H-7). 

15 Step 4: 2-r2-(2"ethvl-ri31dioxolan-2-ylVetfavll-5"methoxy-3-propvl-l"indanone 

A mixture of 5-methoxy-3-propyH-indanone (184 mg, 0.90 noonol) 
and (2-ethyl-[l,3]dioxolan-2-yl)acetaldehyde (173 mg, 1.20 mmol) was treated with a 
solution of KOH (85% wL pure, 20 mg, 0.30 minol) in ethanol (1.0 mL). The 

20 resulting mixture was stured at room temperature for 30 minutes, then treated with 
10% Pd on carbon (9 mg), placed under a hydros atmosphere, and stirred 
vigorously at room temperature for 18 hours. The mixture was acidified with 2N HCl 
and partitioned between EtOAc (9 mL) and water (5 rnL). The organic phase was 
washed with brine, dried over MgS04, filtered, and evaporated under vacuum to an 

25 oil (316 mg). The crude product was purified by chromatography on a Biotage 

FLASH 12M column, eluting with 10% EtOAc in hexanes, to afford 2-[2-(2-ethyl- 
[l,3]dioxolan-2-yl)-ethyl]-5-methoxy-3-propyl-l-indanone (87 mg) as an oil. 

IHNMR (CDCI3, 500 MHz) 6 0.91 (t, CH3), 0.97 (t, CHsl 1.32-1.50 (m. 1.53- 
30 1.90 (m, four CH2), 2.35 (m, ^-2), 2.99 (m, ff-3), 3.91 (s, OCH3I 3.93 (s, 
OCff2CH20)» 6.89-6.93 (m, H-4 andH-6), and 7.66 (d, H-T) 

Step 5: f95j?.9ayjg)-7-methoxv-4-methvl-9-propvl-L2.9.9a-tetrahvdro-3g-^ 
one 
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A solution of 2-[2-(2-ethyl-[l,3]dioxolan-2-yl>^thyI]-5-methoxy-3- 
propyl-l-indanone (86 mg, 0.26 mmol) in acetic acid (1.5 mL) was diluted with 6N 
HQ (1.5 mL) and the resulting mixture was heated in an oil bath at 125°C for 4.5 
5 hours. After cooling, the mixture was evaporated under high vacuum to an oil which 
was partitioned between BtOAc and saturated aq. NaHCOs. Th^ organic phase was 
washed with brine, dried over MgS04, filtered, and evaporated under vacuum to a 
gum (65 mg). The crude product was purified by flash chromatography on EM silica 
gel 60 (230400 mesh. 1x16 cm column), eluting.with 15% EtOAc in hexanes. The 
10 product containing fractions were concentrated under vacuum to afiFord (9SR^9aSRy7' 
methoxy-4-methyl-9-prppyl-l,2,9,9a-tetrahydio-3fl^-flu<TO (40 mg) as an oil. 

IH NMR (CDCI3, 500 MHz) 5 1.03 (t. CH2CH2CHS), 1.53 (m, CH2Cfl2CH3). 1.66 
and 1.97 (two m, CH2CH2CH3), 1.85 and 2.35 (two m, l-CHz), 2.11 (d, 4-Cflj), 2.45 
15 and 2.65 (two m. 2-0^2), 2.79 (m, H-9a), 2.88 (m. H-P). 3.88 (s, OCffj), 6.86^.90 
(m, H-6 and H-S\ and 7.67 (m. H-5) 

Ste£6iJ[9jS£2aS^^ 
one 

A solution of (95K,9aS/?)-7-metiioxy-4-methyl-9-propyM A9,9a- 
tetrahydro-3fl-fluoren-3-one (38.3 mg, 0.142 mmol) in anhydrous CH2CI2 (1.1 mL) 
was placed under a nitrogen atmosphere, cooled in a dry ice-acetone bath, and stirred 
while IM BBr3 in CH2CI2 (0.354 mL, 0.345 mmol) was added by syringe. The 
cooling bath was removed and the reaction mixture was stirred at room temperature 
for 2.6 hours, then diluted with 0.2N HCl (5 mL) and EtOAc (10 mL) and shaken. 
The organic phase was separated, washed with brine, dried over MgS04, filtered, and 
evaporated under vacuum to a soHd (35.2 mg). The crude product was purified by 
flash chromatography on EM silica gel 60 (230^00 mesh, 1 x 18 cm column) using 
3:1 hexanes-EtOAc as eluting solvent, collecting 3 mL fractions. Fractions 12-26 
were combined and concentrated under vacuum to approximately 1 mL of a 
suspension. The suspension was filtered and the solid portion washed with EtOAc 
and dried under vacuum to afford (9S2?,9aS/?)-7-hydroxy-4-methyl-9-propyH ,2,9,9a- 
tetrahydro-3H-fluoren-3-one. 



-88- 



wo 01/82923 PCTAJSOl/04831 



IH NMR (3:1 COaa-CDaCN, 500 MHz) 8 0.93 (t, CHjCHaCffj), 1.43 (m, 
CH2CH2CH3), 1.55 and 1.85 (two m, CH2CH2CH.3), 1.75 and 2.25 (two m, I-CH2). 
1.99 (d, 4-CH3), 2.35 and 2.52 (two m. 2-CH2X 2.68 (m, ff-9a), 2.76 (m, H-9), 6.70- 
6.75 (m, H-6 and H-8), 7.15 (s, OH), and 7.51 (d, H-S) 

5 

JR (KBr) 3168, 2957, 1631, 1580, 1475, 1372, 1358. 1337, 1267. 1237, 1202, 1118. 
1088. 866. 821, and 707 cm-1. 

Mass spectrum, no/e 257.1 (M+l). 

10 

EXAMPLE 26 
SYNTHESIS OP9a-Bt}TYLr8-CHLORO-7-HYDROXY^ 
f^RIPL^OROMBmYLV1.2.9.9a-TB^U^HYDRQ-3g-FmORE^T-^^ 

15 




CI 



Step 1: 9a-butvl-8-chloro-7-methoxv-1.2.9.9a-tetrahvdro-3g-fluoren-3-one 

20 A solution 2-butyl-4-chloro-5-methoxy-l-indanone (550 mg. 2.03 

mmol) in tetrahydrofiuan (4.06 mL) was treated with meth^ vinyl ketone (0.203 mL, 
2.44 mmol) and 0.5N sodium methoxide in methanol (0.812 mL, 0.406 mmol). The 
mixture was stined at room temperature for 90 minutes to effect conversion to 2- 
butyl-4-chloio-5-methoxy-2-(3-oxobutyl)-l-indanone. The reaction mixture was 

25 evaporated under vacuum. The residue in toluene (10 mL) was treated with 

pyrrolidine (0.170 mL, 2.03 mmol) and acetic acid (0.140 mmol, 2.44 mmol). The 
resulting mixture was stirred and heated in an oil bath at 80°C for 2.5 hours. After 
cooling to room temperature, the mixture was partitioned between EtOAc and water. 
The organic phase was washed with O.IN HCl, saturated aqueous NaHC03 and brine, 

30 dried over MgS04, filtered, and ev^orated under vacuum. The residue was purified 
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by prq>arative layer chiomatognqphy on silica gel GF plates to afford 9a-butyl-8- 
chloro-7-methoxy-l^,9,9a-tetrahydio-3^r-fluoieh-3-^^ 

Step 2: 4-brDmo-9a-butvl-8-cMQro-7-methoxv-l,2,9.9a-te 

5 

A solution of 9a-butyl-8-chloro-7-methoxy-l,2,9^a-tetrahydro-3fl- 
fluorcn-3-one (555 mg, 1.82 mmol) in anhydrous dichloromethane (18.2 mL) was 
treated with sodium bicarbonate (765 mg, 9.1 mmol) and bromine (0.093 mL, 1.82 
mmol). The mixture was stirred at room temperature for 30 minutes and then diluted 
10 with CH2CI2 (50 roL) and washed with water (50 mL). The organic phase was dried 
over MgS04, filtered through a pad of silica gpl (10 mL) with a 10 mL CH2a2 rinse, 
and the solvent evi^Kxraled under vacuum. The residue (0.55 g) was lyophilized fix)m 
brazene to afford 4-bromo-9a-butyl-8-cWo(K)-7-methoxy-l A9,9a-tetrahydn>-3fl- 
fluoira-3-one as an amorphous solid. 

15 

Step 3: 9a4>utvl-8K:MQro--7-methoxY-4-( trifl uoiDmetfavlVl^,9.9a4eti^ 
fluQi:CT-3-one 

A mixture of 4-bromo-9a-butyl-8-<:hloro-7-methoxy-l,2,9,9a- 
tetrahydro~3H-fluoren-3-one (55 mg, 0.143 mmol), copperOD iodide (32.7 mg, 0.172 
mmol), methyl difluoro(fluorosulfonyl)acetate (0.132 mL, 1.04 mmol), and anhydrous 
iV^J^MimethyIformamide (6.7 mL) was placed under a nitrogen atmosphere, stirred, 
and heated in an oil bath at 75°C for 4 days. After cooling to room temperature, the 
mixture was filtered The filtrate was diluted with EtOAc (100 mL), washed with 
water (6 x 100 mL) and brine (50 mL), dried over MgS04, filtered, and evaporated 
under vacuum to an oil (48 mg). The crude product was purified by preparative layer 
chromatography on a 0.1 x 20 x 20 cm silica gel GF plate, developing widi CH2CI2. 
The product band was eluted with EtOAc and the eluent evaporated under vacuum to 
afford 9a-butyl-8-chloro-7-methoxy-4-(trifluoromethyl)-l,2,9,9a-tetrahydr^^ 
fluoren-3-one (32 mg) as an oil. 

Step 4: 9a>butvl-8-<:Moro-7>hvdroxv-4-ftrifluoromethvlV1.2.9,9a4etrahvdr^ 
fluoiep-3'One 
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A solution of 9a-butyl-8-chloro-7-methoxy-4-(tiifluoroinethyl)- 
i;j,9,9a-tetrahydro-3i?-fluoren-3-one (32 mg, 0.086 mmol) in anhydrous 
dicWoromethane (0.86 mL) was cooled in a dry ice-acetone bath (-78°C) and the 
solution was treated with IM boron trihromide in dichloromethane (0.258 mL, 0.258 
5 mmol). The cooling bath was removed and the mixture was stirred at room 

temperature for 95 minutes. Additional IM BBr3 in CH2CI2 (0.5 mL, 0.5 mmol) was 
added and the mixture was stirred at room temperature for an additional 100 minutes: 
The mixture was partitioned between EtO Ac (20 mL) and water (20 mL) containing 
2N HQ (3 mL). The organic phase was washed with brine (10 mL), dried over 

10 MgS04, filtered, and evaporated und^ vacuum. The oily residue was purified by 
preparative layer chromatography on a 0.1 x 20 x 20 cm silica gel GF plate, 
developmg with 5% EtOAc in CH2CI2. The product band was eluted with EtOAc. 
the eluent evaporated under vacuum, and the residue lyophilized from benzene to 
afford 9a-butyl-8-cWoro-7-hydroxy-4-(trifluQromethyl)-l A9,9a-tetxahydr^^ 

15 fluoren-3-one as an amorphous solid. 

IHNMR (CDQs, 500 MHz) 6 0.84 (t, CH2CH2CH2Cffj), 1.14-1.28 (m. 
C3l2Cfl2CH2CH3), 1.32 and L54 (two m, Cfl2CH2CH2C3l3), 2.07 and 2.25 (two 
ddd, 1-CH2). 2.50-2.63 (m, 2-CH2). 2-80 and 3.09 (two d, 9-Cff2), 5.94 (s, Ofl), 7.01 
20 (d, fl-6), and 7.69 (qd, H-5). 

EXAMPLE 27 

SYNTHESIS OF4>ACmTI^9a>BUTYI^8^HLORO-7-HYDROXY-L2>9.9a- 
25 TErRAHYDRO-3g-FLUOREN^3-ONE 



P 




CI 
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Step 1: 9a-butvl-8-<;Moio^l-efeoxvvinvlV7-inetfaoxv-L2.9.9a^ 
flttoren-3-one 

A solution of 4-biom(>-9a-butyI-8-chloio-7--methoxy-l,2,9^a- 
5 tetrahydro-Sff-fiuoren-S-one (90 mg, 0.235 mmol) in anhydrous toluene (1.2 mL) was 
treated with tributyl(l-ethoxyvinyI)stannane (0.111 mL, 0.352 mmol) and 
bis(triphenylphosphine)paIladium(II) chloride (33 mg, 0.047 mmol). The mixture was 
placed under a nitrogen atmosphere, stirred, and heated in an oH bath at 100*^C for 3 
hours. After cooling to room temperature, the mdxture was purified by preparative 
10 layer chromatography on two 0.1 x 20 x 20 cm silica gel GF plates, developing with 
5% EtOAc in CH2CI2. The product band was eluted with EtOAc and the eluent 
evaporated under vacuum to afford 9a-butyl-8-chIoro^l-ethoxyvinyl>-7-methoxy- 
l»2,9,9a-tetrahydn>-3i7-fIuoren-3-one (67 mg) as an oil. 

15 Ste p 2: 4-acetvl>9a4>ut\d"8-<:hlon>"7"methoxv-1^.9.9a-tetrahvdro-3H-^^ 

The product from step 1 in ethanol (1.0 mL), water (0.2 mL) and 
aqueous 2N HQ (0.2 mL) was stirred and heated in an oil bath at SO'^C for 40 
minutes. After cooUng, tiie mixture was partitioned between EtOAc (20 mL) and 
20 water (20 mL). The organic phase was washed with brine (20 mL), dried over 

MgS04, filtered, and evaporated under vacuum to provide 4-acetyl-9a-butyl-8-chloro- 
7-methoxy-l,2,9,9a-tetrahydro-3ff-fluoren-3-one (54 mg) as an oil. 

Step 3: 4-acetyl-9a-butvl-8-<:Mon)-7~hvdroxv-l J2.9.9a-tetrahvdro-3H-fluore^ 

25 

A mixture of 4-acetyl-9a-butyl-8-chloro-7-methoxy-l, 2,9,9a- 
tetrahydra-3jff-fluoren-3-one (54 mg) and pyridine hydrochloride (3.5 g) was heated in 
an oil bath at 200®C for one hour. After cooling to room temperature, the mixture 
was partitioned between EtOAc (50 mL) and water (50 mL). The organic phase was 
30 washed with brine (20 mL), dried over MgS04, filtered, and evaporated under 
vacuum to an oil (32 mg). The crude product was purified by preparative layer 
chromatography on a 0.1 x 20 x 20 cm sihca gel GF plate, developing with 5% MeOH 
in CH2CI2. The product band was eluted with 10% MeOH in CH2CI2, the eluant 
evaporated under vacuum, and the residue lyophiUzed fix)m benzene to afford 4- 
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acetyl-9a-butyl-8-chloro-7-hydroxy-l,2^,9a-te1rahy(l^ as an 

amorphous solid 

IH NMR (CDOs, 500 MHz) 6 0.86 (t, CH2CH2CH2CHJX 1.18-1.31 (m, 
5 CH2Cfl2Cfl2CH3), 1.45 and 1.66 (two m, Cff2CH2CH2CH3), 2.06 and 2.31 (two 
ddd, 1-Cff2)» 238 (s, COCH5). 2.51 and 2.57 (two ddd, ZCHii^ 2.72 and 3.09 (two d, 
9-Cfl2). 5.84 (s, OH), 6.92 (d, /J-6), and 7.35 (d. H-5); mass spectrum m/z 333.2 
(M+l). 



EXAMPLE 28 

SYNTHESIS OF 9a-BUTYI^8<mORO-4-CYANO-7-HYDROX^^ 
TETRAHYDRO-3g-PLUOKBN-3-ONE 




15 CI 

Step 1: 9a-butvl"8-chlon>-4-cvano-7-methoxV"L2,9,9a-tetrahvdro-3g^ 

A solution of 4-bromo-9a-butyl-8-^hlQro-7-iDethoxy-l^,9,9a- 
20 tetrahydro-3ff-fluorBn-3-one (103 mg, 0.268 mmol) in anhydrous l-methyl-2- 
pyiTolidinone (0.54 mL) was treated with copperO) cyanide (24 mg» 0.268 mmol). 
The mixture was placed under a nitrogen atmosphere, stirred, and heated in an oil bath 
at 150°C for 1.5 hours. After cooling to room temperature, the mixture was 
partitioned between EtOAc (50 mL) and water (50 mL). The organic phase was 
25 washed with water (5 x 50 mL) and brine (50 mL), dried over MgS04, filtered, and 
evaporated under vacuum to an oil. The crude product was purified by preparative 
layer chromatography on a 0.1 x 20 x 20 cm silica gel GF plate, developing with 5% 
EtOAc in CH2CI2. The product band was eluted with EtOAc and flie eluent 
evaporated under vacuum to afford 9a-butyl-8-chloro^-cyano-7-methoxy-l,2,9,9a- 
30 tetrahydio-3ff-fluoren-3-one (65 mg) as an oil. 
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Step 2: 9a*butvl-8-<shlorD^yano-7"hvdiDxv>0>9.9a-tetrahvd^ 



5 tetrahydro-3fl-fluoren-3-one (65 mg) and pyridine hydrochloride (4.2 g) was heated in 
an oil bath at 200®C for 85 noinutes. After cooling to room temperature, the mixture 
was partitioned between EtO Ac (50 mL) and water (50 mL). The organic phase was 
washed with brine (20 mL), dried over MgS04, filtered, and evaporated under 
vacuum. The residue was purified by preparative layer chromatogr^hy on two 0.1 x 
10 20 X 20 cm silica gel GF plates, developing with 5% MeOH in CH2a2- Th^ product 
bands vfcse eluted with 10% MeOH in CH2Cl2> eluant evaporated under vacuum, 
and the residue lyophilized from benzen6 (3 mL) plus EtOH (0.1 mL) to afford 9a- 
butyl-8-cUoro-4-cyano-7-hydroxy-l,2,9,9a-tetrahydn>-3i?-fluore as an 

amorphous yellow solid. 

15 

IHNMR (CDQj, 500 MHz) 5 0.87 (t, CH2CH2CH2Cfl», 1.15-1.33 (m, 
CH2Cfl2Cfl2CH3), 1.45 and 1.66 (two m, Cff2CH2CH2CH3), 2.03 and 2.35 (two 
ddd, I-CH2), 2.56-2.65(m, 2-CH2\ 2.76 and 3.14 (two d, 9-CH2), 6.11 (s, Ofl), 7.11 
(d, ff-6), and 8.26 (d, H-5); mass spectrum m/z 316.1 (M+1). 



EXAMPLE 29 

SYNTHESIS OP 9a-BlJnnL-4-ETHYLr6-PLUORO-7-HYDROXY-^ 
L2.9>9a-TErRAHYDRO-3g-PLUOREN-3-ONE 



A mixture of 9a-butyl-8-chIon>4-cyano-7-methoxy-l,2,9,9a- 



20 



25 



Et, 



O 



HO' 




Me 



Step 1: l-^3-fluon>4-methoxvphenvlVl-hexanone 
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Aluminum chloride (6.5 g» 48.8 mmol) was added to a stined mixture 
of l-fIuon>-2-methoxybenzene (S.O mL, 44.4 mmol) and hexanoyl chloride (7.5 mL, 
53.3 mmol) at room temperature. The mixture warmed and HQ evolution occurted. 
TTie resulting mixture was stirred at room temperature for 45 minutes and then 
5 partitioned between EtOAc (100 mL) and water (100 mL). The EtOAc layer was 
washed with water (100 mL), aqueous K2CO3 (100 mL) and brine (50 mL), dried 
over MgS04, filtered, and evaporated under vacuum to yield cmde l-(3-£Iuoro-4- 
methoxyphenyI)-l*-hexanone (9 g) as a solid. 

10 Step 2: 2-butvl"6-fluoro-5~methoxv-l-indanone 

A mixture of the crude l-(3-fluoro-4-methoxyphenyl)-l-hexanone 
£nom step 1, methanol (45 mL), 37% aqueous formaldehyde (4.0 mL» 53.3 mmol), and 
potassium carbonate (6.1 g, 44.4 nmiol) was stirred and heated in an oil bath at 50''C 

15 for 40 minutes. The mixture was tfien stirred at room temperature overnight (20.5 
hours), reheated to 50^C for one hour, and then cooled to room temperature. Hie 
mixture was evaporated undCT vacuimi and the residue partitioned between EtOAc 
(100 mL) and water (100 mL). The organic phase was washed with brine (100 mL), 
dried over MgS04, fiQtered, and evaporated under vacuum to an oil (ca. 11 g) 

20 consisting of predominantly l-(3-fluoro-4-methoxyphenyl)-2-(methoxymethyl)-l- 
hexanone. 

The oil was cooled in an ice bath and treated with ice cold sulfuric acid 
(40 mL). The cooling bath was removed and the mixture was stirred at room 
temperature for 10 minutes and then heated in an oil bath at 50^C for 16.3 hours. 

25 After cooling to room temperature, the mixture was partitioned between EtOAc (200 
mL) and ice-water (200 mL). The organic phase was washed with brine (100 mL), 
dried over MgS04, filtered, and evaporated under vacuum to a brown oil (8.8 g). The 
crude product was purified by chromatography on EM silica gel 60 (4.5 x 21 cm 
column), eluting with CH2CI2 (200 mL forerun followed by 8 mL fractions). 

30 Fractions 8-32 were combined and evaporated under vacuiun to afford 2-butyl-6- 
fluoro-5-methoxy-l-indanone (6.55 g) as an oil. 

Step 3: 2-butvl-6-fluoro-S-hvdroxv-l-indanone 
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A mixture of 2-butyl-6-fIuoio-S-methoxy-l-indanone (2.0 g) and 
pyridine hydrochloride (IS JO g) was heated in an oil bath at TXX^C for 75 minutes. 
After cooling to room temperature, the mixture was partitioned between EtOAc (100 
noL) and wat^ (75 mL) containing brine (25 mL). The organic phase was washed 
5 with brine (50 mL), dried over MgS04, filtered, and evaporated under vacuum to 
provide 2-butyl-6-fluoro-5-hydroxy-l-indanone (1.79 g) as a solid 

Step 4: 4-bromo-2"butvl-6-fluon>-5-hvdroxv-l-indanone 

10 A^-Bromosuccinimide (1.41 g, 7.93 mmol) was added to a solution of 

2-butyl-6-fluoro-5-hydroxy-l-indanone (1.76 g, 7.93 mmol) in anhydrous N,N' 
dimethylformamide (15 mL). The resulting solution was stirred at room temperature 
for two hours. The solvent was evaporated under vacuum and the residue was 
partitioned between EtOAc (100 mL) and water (100 ml). The organic phase was 
15 washed with water (4 x 100 mL) and brine (50 mL), dried over MgS04, filtered, and 
evqx>rated under vacuum to provide crade 4-bromo-2-but)i-6-fluon>-5-hydroxy-l- 
indanone (2.17 g) as an oil. 

Step 5: 4-bromo-2-butvl-6-fluoro-5-methoxv-l-indanone 

A mixture of 4-bromO".2-butyl-6-fluoro-5-hydroxy-l-indanone (2.17 g, 
7.23 mmol), //,//-<Umethylformamide (14.5 mL), methyl iodide (0.675 mL, 10.84 
mmol), and sodium bicarbonate (1.50 g, 18.1 mmol) was stirred at room temperature 
for 17 hours. The solvent was evaporated under vacuum. The residue in EtOAc (150 
mL) was washed with water (5 x 100 mL) and brine (50 mL), dried over MgS04, 
filtered, and evaporated under vacuum to an oil (2.29 g). The crude product was 
dissolved in CH2CL2 (5 mL) and the solution filtered through a pad of EM silica gel 
60 (20 mL) using an additional 60 mL of CH2CI2 to elute the silica gel. The CH2CI2 
filtrate was evaporated under vacuum to afford 4-bromo-2-butyl-6-fluoro-5-methoxy- 
1-indanone (1.86 g) as a pink oil. 

Step 6: 2-butvl-6-fluoro-S-methoxV"4-methY l-l-indflnnTie 



-96- 



WO0iy82923 



i«CTAJS01/04831 



A mixtuie of 4-hromo-2-butyl-6-£Iuoio-5-methoxy-l-iDdanone 
(1.86 5.94 minol), his(t]iphenylphosphine)palladimn(II) chloride (208 mg, 0.297 
mmol), tetramethyltm (0.989 mL, 7.128 mmol), triphenylphosphine (156 mg, 0.594 
mmol), lithium chloride (504 mg, 11.88 mmol), and aiihydrous iV^iV^^iimethyl- 
5 formamide (1 1.9 mL) was placed under a nitro^n atmosphere, stirred, and heated in 
an oil bath at lOO^C for 22 hours. After cooling to room temperature, the mixture was 
evaporated under vacuum. The residue in EtOAc (150 mL) was washed with water (4 
X 100 mL) and brine (50 mL), dried over MgS04, filtered, and evaporated under 
vacuum to an oil (2.15 g). The crude product was purified by chromatography on EM 
10 silica gel 60 (2.5 x 29 cm column), eluting with CH2CI2 (50 mL fore-ran followed by 
8 mL firactions). Fractions 20-28 w^ combined and evaporated under vacuum to 
provide 2-butyl-6-fluoro-5-metfaoxy-4-metfayI-l-indanone (365 mg) as an oil. 

Step 7: 9a-butyl-4-^tfavl-6-fluon)-7-niethoxV"8-methvl-L2,9,9a-tetrahvdro^ 
15 fluoren-3-one 

A solution of 2-butyl-6~fluon>-5-methoxy-4-methyH-indanone (118 
mg, 0.47 nmiol) in anhydrous tetrahydrofuran (0.47 mL) was treated with propyl vinyl 
ketone (0.065 mL, 0.56 mmol) and l,8-diazabicyclo[5.4.0]undec-7-ene (0.0143 mL, 
20 0.094 mmol). The nuxture was stirred and heated in an oil bath at 50°C for 6 hours 
and then at room temperature for 64 hours. The solvent was evaporated under 
vacuum to give a residue consisting mainly of 2-butyl-6-fluoro-5-methoxy-4-methyl- 
2-(3-oxohexyl)-l-indanone. This material was dissolved in acetic acid (2 mL), treated 
with aqueous 6N HQ (1.5 mL), and stirred while heating in an 80°C oil bath for 6 
hours. After cooling, the mixture was partitioned between EtOAc (25 mL) and 
saturated aqueous K2CO3 (25 mL). The organic phase was washed with brine (10 
mL), dried over MgS04, flitted, and evaporated under vacuum to an oil (138 mg). 
The crude product was purified by preparative layer chromatography on two 0.1 x 20 
X 20 cm silica gel GF plates, developing with CH2CI2, The product bands were 
eluted with EtOAc and the eluent evaporated under vacuum to afford 9a-butyl-4- 
ethyl-6-fluoro-7-methoxy-8-methyH,2,9,9a-tetrahydro-3H-fluoren-3-one (93 mg) as 
an oil. 
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Step 8: 9a->btttvl-4-etfavl>-6-fluoro-7--hvdroxv-8-methvl-1^.9,^^ 
fluoren-3-one 

A solution of 9a-butyl-4-ethyl-6-fluoro-7-methoxy-8-methyl- 1,2,9,9a- 
5 tetrahydro-Sfl-fluoren-SHone (93 mg, 0.28 mmol) in anhydrous dichloromethane (1 .4 
mL) was cooled in a dry ice-acetone bath (-78'*Q and the solution treated with IM 
boron tribromide in dichloromethane (1.4 mL, 1.4 mmol). The cooling bath was 
removed and the mixture was stirred at room temperature for 90 minutes. The 
mixture was partitioned between EtOAc (20 mL) and water (20 mL) containing 2N 

10 HQ (2 mL). The organic phase was washed with brine (10 mL), dried over MgS04, 
filtered, and evaporated under vacuum. The residue was purified by preparative layer 
chromatography on two 0.05 x 20 x 20 cm silica gel GF plates, developing with 5% 
BtOAc in CH2CI2. Hie product bands were eluted with EtOAc, the eluMit evaporated 
under vacuum, and the residue lyophilized from benzene to afford 9a-butyl-4-ethyl-6- 

15 fluoro-7-hydroxy-8-methyl-l,2,9,9a-tetrahydro-3ff-fluoren-3-one as an amorphous 
solid. 

IH NMR (CDa3, 500 MHz) 6 0.84 (t, CH2CH2CH2CH5), 1.09 (t, CHzCHs). 1.13- 
L27 (m, CH2CH2CH2CH2), 1.38 and 1.55 (two m, Cfl2CH2CH2CH3)» 1-95 and 2.22 
20 (two ddd, l'CH2X 2.21 (s, S-CHs), 2.39-2.67 (m, Cff2CH3 and 2-CH2). 2.54 and 2.89 
(two d, 9-Cff2), 5.72 (two d, OH), and 7.27 (d, ff-5); mass spectrum m/z 317.3 
.. (M+1). 



EXAMPLE 30 

SYNTHESIS QF9a-BUTYL^8<mORO-6-FLUORO-7-HYDROXY^METHYL- 
L2.9.9a-TETRAHYDRO-3/f-FLUQREN-3-ONE 
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Step 1: l"(3-<;hlQit)"S-fluoio-4-metfaoxvphenvn-l-jiexanone 

Aluminum chloride (1.16 g, 8.72 mmol) was added to a stirred mixture 
of l-chloro-3-fluoro-2r-methoxybeii2ene (1.00 mL, 8.72 mmol) and hexanoyl chloride 
5 (1.47 mL, 10.46 mmol) at room temperature. The mixture warmed and HCl evolution 
occurred. The resulting mixture was stirred at room temperature for 67 hours and 
then partitioned between EtOAc (40 mL) and ice cold water (40 mL). The EtOAc 
layer was washed with brine (30 mL), dried over MgS04, filtered, and evaporated 
under vacumn to yield crude l-(3-chloro-5"fluoro-4-methoxyphenyl)-l-hexanone as 
10 an oil. 

Step 2: 2-butvl-4-chlon)-6-fluoro-S-methoxy-l-indanone 

A nodxture of the crude l-(3-chloro-5-fluoro-4-melhoxyphenyl)-l- 

15 hexanone from step 1, methanol (8.7 mL), 37% aqueous formaldehyde (0.786 mT., 
10.5 mmol), and potassium carbonate (1.2 g, 8.72 mmol) was stirred and heated in an 
oil bath at SO^C for 7 hours. The mixture was evaporated under vacuiun and the 
residue partitioned betwe^Q EtOAc (100 mL) and water (100 mL) containing 2N HCl 
(10 mL). The organic phase was washed with brine (50 mL), dried over MgS04, 

20 filtered, and evaporated under vacuum to an oil (1.86 g) consisting of predominantly 
l-(3H:hloro-5-fluoro-4-methoxyphenyl)-2-(methoxymethyl)-l-hexanone. 

The oil was cooled in an ice bath and treated with ice cold sulfuric acid 
(6 mL). The cooling bath was removed and the mixture was stirred at room 
temperature for 5 minutes, then heated in an oD bath at SO^'C for 35 minutes, kept at 

25 room temperature overnight, heated at 50**C an additional 3 hours, and finally cooled 
to room temperature. The mixture was partitioned between EtOAc (100 mL) and ice 
cold water (100 mL). The organic phase was washed with brine (50 mL) and 
evaporated under vacuum to an oil (1.5 g). The NMR spectrum os this material 
showed a mixture of 2-butyl-4-chloro-6-fluoro-5-methoxy-l-indanone (major 

30 product) and 2-butyl-6-chloro-4-fluoro-5-methoxy-l-indanone (minor product). 

Step 3: 9a~butvl-8-chloro-6-fluorO'7-methoxv-4-methvl-l,2,9.9a-tetrahvdro-3 
fluoren-3-one 
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A saxnple of the cnide pnxluct fiom step 2 (360 mg, 1.33 nunol) in 
anhydrous tetrahydrofuran (2.7 mL) was treated with ethyl vinyl ketone (0.160 mL, 
1 .60 nunol) and 1 ,8-diazabicyclo[5.4.0]undec-7"6ne (0.040 mL, 0.266 mmol). The • 
mixture was stirred and heated in an oil bath at 60°C for two hours. TLC showed 
5 very Uttle reaction. TTie mixture was treated with 0.5M sodium methoxide in 

methanol (0.53 mL, 0.266 mmol) and stirred with heating at 60''C for an additional 17 
hours. After cooling to room temperature, the solvent was evaporated under vacuum 
to give a residue consisting mainly of 2-butyl-4-chloro-6-fluoro-5-methoxy-2-(3- 
oxopentyl)-l-indanone. This niateiial was dissolved in acetic acid (6 mL), treated 

10 with aqueous 6N HQ (3 mL), and stirred while heating in an 80"^ oil bath for 23.5 
hours. After cooling, the mixture was partitioned between EtOAc (150 mL) and water 
(150 mL). The organic phase was washed with aqueous K2CO3 (100 mL) and brine 
(50 mL), dried over MgS04, filtered, and evaporated under vacuum to a dark oil (480 
mg). The crude product was purified by preparative layer chromatography on four 0. 1 

15 X 20 X 20 cm silica gel GF plates, developing with CH2a2. The product bands were 
eluted with EtO Ac and the eluent evaporated under vacuum to give an oil (208 mg). 
This material was a mixture of 9a-butyl-8-chloro-6-fluoro-7-methoxy-4-methyl- 
l,2,9,9a-tetrahydn)-3fl-fluoren-3-one (major product) and 9a-butyl-6-chloro-8"fluoro- 
7-methoxy-4-methyM,2,9,9a-tetrahydro-3i?-fluoren-3-one (minor product) as 

20 evidenced by NMR spectroscopy. 

Step 4: 9a43utvl-8K:hloro-6-fluoro-7-hvdroxv-4-inethvl-L2>9.9a4etrahvdro-3i?- 
fluoren-3-one 

25 The product mixture from step 3 and pyridine hydrochloride (5.3 g) 

were combined and heated in an oil bath at 200°C for 90 minutes. After cooling, the 
mixture was partitioned between EtO Ac (50 mL) and water (50 ml). The organic 
phase was washed with brine (50 mL), dried over MgS04, filtered, and evaporated 
under vacuum to a blue oil. The oil was purified by preparative layer chromatography 

30 on four 0.05 x 20 x 20 siUca gel GF plates, developing with 5% EtO Ac in CH2CI2. 
One of the plates was discarded due to excessive streaking. The combined product 
bands were eluted with EtOAc, the eluent evaporated under vacuum, and the residue 
lyophilized from benzene (3 mL) containing EtOH (2 drops) to afford 9a-butyl-8- 
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chlcwx>-6-fluon>-74iydn>xy-4-me%l-l A9,9a-tet^ as an 

amorphous solid 

IH NMR (CDQa, 500 MHz) 5 0.85 (t, CH2CH2CH2Cff3), 1.13-1.28 (m, 
5 CH2Cfl2CH2CH3), 1.39 and 1.57 (two m, CH2CH2CH2CH3). 1.99 and 2J25 (two 
ddd, 1<:H2X 2.04 (s, ^^Hs), 2.48 and 2.58 (two dd4 2-Cff2). 2.68 and 3.03 (two d, 
9-CH2X 5.70 (d, OH), and 7.40 (d, H-S); mass spectrmn m/z 323.2 (M+1). 



10 EXAMPLE 31 

SYNTHESIS OF9a-BUTYI^8-CHIX)RO-4-ETHYI^-PLUOR^ 
lJZ.9,9a-TETRAHYDRO-3i?-PLUOREN->3-ONE 




Ste p 1: 9a-butvl-8-K;Moro-4-ethvl-^fluoix)-7-metfaoxv-1^.9>9a-^ 
fluoren-3-one 

A sample of the crude product from step 2 in the preceding example 
20 (386 mg, L36 mmol) in anhydrous tetrahydrofuran (2.7 mL) was treated with propyl 
vinyl ketone (0.188 mL, 1.63 nmiol) and l,8~diazabicyclo[5.4.0]undec-7-ene (0.041 
mL, 0.272 mmol). The mixture was stirred and heated in an oil bath at 60*^0 for two 
hours. TLC showed very litde reaction. The mixture was treated with 0.5M sodium 
methoxide in methanol (0.54 mL, 0.272 mmol) and then stirred with heating at 60°C 
for an additional 16.3 hours. After cooling to room temperature, the solvent was 
evaporated under vacuum to give a residue consisting mainly of 2-butyI-4-chloro-6- 
fluoro-5-methoxy-2-(3-oxohexyl)-l-indanone. This material was dissolved in acetic 
add (6 mL), treated with aqueous 6N HCl (3 mL), and stirred while heating in an oil 
bath at 80°C for 22.3 hours. After cooling, the mixture was partitioned between 
EtOAc (150 mL) and water (150 mL). The organic phase was washed with aqueous 
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K2CO3 (100 mL) and brine (50 noL), dried over MgS04, filtered, and evsp^rated 
under vacuum to an oil (420 mg). The crude product was purified by preparative 
layer chromatography on four 0.1 x 20 x 20 cm silica gel GF plates, developing three 
times with 10% EtOAc in hexanes. The product bands were combined, eluted with 
5 EtOAc, and the eluent evaporated under vacuum to give 9a-butyl-8-chloro-4-ethyl-6- 
fluoro-7-methoxy-l,2,9,9a-tetrahydn>-3^r-fluoren-3-one as an oD (153 mg). The 
product contained trace amounts of 9a-butyl-6-chloro-4-ethyl-8-fluon>7-methoxy- 
l,2,9,9a-tetrahydro-3^-fluoren-3-one as evidenced by NMR spectroscopy. 

10 Step 2: 9a-butvl>-8-cMoro-4-ethvl-6-fluoro-7-hvdroxV"i:2,9,9a--tetrahvdro-3g^^ 
3-one 

The product ftom step 1 and pyridine hydrochloride (5.0 g) were 
combined and heated in an oil bath at 200°C for 80 minutes. After cooling, the 

15 inixture was partitioned between EtOAc (50 mL) and water (50 nil). The organic 
phase was washed with brine (50 mL), dried over MgS04, filtered, and evaporated 
under vacuum to a blue oil. The oil was purified by preparative layer chromatography 
on three 0.05 x 20 x 20 silica gel GF plates, developing with 10% EtOAc in CH2C12- 
The combined product bands were eluted with EtOAc, the eluent evaporated under 

20. vacuum, and the residue lyophilized firom benzene (3 mL) to afford 9a-butyl-8-chloro- 
4^thyl^fluoro-7-hydroxy-l,2,9,9a-tetnihydro-3H-fluoren-3-one as an amorphous 
solid. 

IHNMR (CDCI3, 500 MHz) 6 0.85 (t, CH2CH2CH2Ciyj), 1.09 (t, CH2Cff5), 1.13- 
25 1.28 (m, CH2Ciff2Cff2CH3), 1.39 and 1.56 (two m, CH2CH2CH2CH3), 1.98 and 2.25 
(two ddd, l-Ci/2), 2.41 and 2.62 (two dq, CH2CH3), 2.42 and 2.56 (two ddd, 2-0^2), 
2.65 and 3.02 (two d, 9-Cff2)» 5.70 (d, OH), and 7.35 (d, if-5); mass spectrum m/z 
337.2 (M+1). 

30 
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EXAMPI£32 

SYNTHESIS OF4--BROMO-9a-BmTL-8-CHIX)RO-6-PLUORO-7-H^ 
L2>9,9a-TEIRAHYDRO-3g-FLUOREl^-3-ONB 




Step 1: 9a-butvl>8'<:hlon>--6"fluoiD-7"me1hoxv-l>2^>9a-tet^ 

A solution of crude 2-butyl-4K:hloio-6-fluoro-5--methoxy-l-indanone 
10 (386 mg, 1.4 mmol) in tetrahydrofuran (2.8 mL) was treated with methyl vinyl ketone 
(0.150 mL, 1.78 namol) and 0.5N sodium methoxide in methanol (1.1 mL, 0.56 
mmol). The mixture was stirred at room temperature for 5.5 hours to effect 
conversion to 2-butyl-4-chloro-6-fluon>-5-methoxy-2-(3-oxobutyl)-l-indanone- The 
reaction mixture was diluted with toluene (10 niL), treated with pyrrolidine (0. 1 17 
15 mL, 1.4 nmiol) and acetic add (0.112 mmol, 1.46 mmol), and then stirred and heated 
in an oil bath at SO^C for 3 hours. After storing overnight at room temperature, the 
mixture was partitioned between EtOAc (50 mL) and water (50 mL). The organic 
phase was washed with O.IN HCl (50 mL), saturated aqueous NaHC03 (50 mL) and 
brine (20 naL), dried over MgS04, filtered, and evaporated under vacuum. The oily 
20 residue was purified by prepamtive layer chromatography on four 0.1 x 20 x 20 cm 
silica gel GF plates, developing with 5% EtOAc in CH2CI2. The product bands were 
combined, eluted with EtOAc, and the eluent evaporated under vacuum to provide 9a- 
butyl-8-chIoro-6-fluoro-7-methoxy-l,2,9,9a-tetrahydro-3H-fluoren-3-one (160 mg) as 
a solid. iH NMR spectroscopy revealed that the product contained a minor amount of 
the isomeric product 9a-butyl-6-chloro-8-fluoro-7-methoxy-l,2,9,9a-tetrahydro-3i?- 
fluoren-3-one which is derived from a minor amount of 2-butyl-6-chlon>4-fluoro-5- 
methoxy-l-indanone in tiie starting matOTal. 

Step 2: 4-bromo-9a-butvl-8-chloro-6-fluoro-7-methoxv-L2,9,9a-tetrahvdro-3j^^ 
fluoren'3K)ne 
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A solution of the product from step 1 (160 mg, 0.52 mmol) in 
anhydrous dichloromethane (5.2 mL) was cooled in an ice bath and treated with 
sodium bicarbonate (218 mg, 2.6 mmol) and bronodne (0.028 mL, 0.52 mmol). The 
5 mixture was stirred at O^'C for 15 minutes and then diluted with CHJ2CI2 (20 mL) and 
washed with water (25 mL). The organic phase was dried over MgS04, filtered and 
evaporated under vacuum. The residue was purified by preparative layer 
chromatography on three 0.05 x 20 x 20 cm silica gel GF plates, developing with 10% 
EtO Ac in hexanes. The product bands were combined, eluted with EtOAc, and the 
10 eluent evaporated under vacuum to afford 4-bromo-9a-butyl-8-chIoro-6-fluon>-7- 
metboxy-l,2,9,9a-tetFahydio-3H-fiuoren-3-one (110 mg) as a solid. 

Step 3: 4-bromo-9a4>utvl-8-cMorD-6-fluoro-7-hvdroxV'1.2.9.9a-tetrahvdr^ 
fluoren-3-one 

15 

A solution of 4-bromo-9a-butyl-8-chloro-6-fluoro-7-methoxy-l ,2,9,9a- 
tetrahydro-3//-fluQren-3-one (31 mg, 0.077 nunol) in anhydrous dichloromethane (0.5 
mL) was cooled in a dry ice-acetone bath (-78X) and the solution treated with IM 
boron tribromide in dichloromethane (0.231 mL, 0.231 nunol). The cooling bath was 
20 removed and the mixture was stirred at room temperature for one hour. The mixture 
was partitioned between EtO Ac (20 mL) and water (20 inL) containing 2N HQ (2 
mL). The organic phase was washed with brine (10 mL), dried over MgS04, filtered, 
and evaporated under vacuum. The residue was purified by preparative layer 
chromatography on a 0.05 x 20 x 20 cm silica gel GF plate, developing with 10% 
EtOAc in CH2CI2. The product band was eluted with EtO Ac, the eluent evaporated 
under vacuum, and the residue lyophilized from benzene plus a few drops of EtOH to 
afford 4-bn>mo-9a-butyl-8-<:hloro-6-fluoro-7"hydroxy-l ,2,9,9a-tetrahydro-3ff-fluoren- 
3-one as an amorphous solid 

IHNMR (CDCI3, 500 MHz) 5 0.86 (t, CH2CH2CH2CHJ), 1.13-L30 (m, 
CH2Ci¥2Ci/2CH3), 1.49 and 1.64 (two m, CH2CH2CH2CH3), 2.09 and 2.29 (two 
ddd, 1-Cfl2). 2.70-2.80 (m, 2-Cff2). 2.74 and 3.08 (two d, 9-CH2). 5.83 (s. OH), and 
8.29 (d, J?-5); mass spectrum m/z 387.0 (M+1) and 389.0 (M+3). 
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EXAMPI^33 

SYNTHESIS OF 9a-Bm^8-CHIX)RO-6-FLUORO-7-HYDROXY-4^ 
fnUPLUOROMEmYLV1.2.9,9a>TBTRAHTO 




Step 1: 9a-butvl-8-cMoro-6-fluoro-7-methoxv-4-ftrifluoiDmetfavlVL^^^ 
tetrahvdrO"3g"£luoreD-3-one 

10 A mixtuie of 4-biX)mo-9a-butyl-8KjUoro-6-fluorc>-7-methoxy-l,2,9,9a- 

tetrahydm-3ff-fluoren-3-one (47 mg, 0.117 mmol), copp©r(D iodide (27 mg, 0,14 
nunol), methyl difluoro(fluoiosuIfoDyl)acetate (0.108 ndU 0.85 imnol), and anhydrous 
AUVHlimetfaylfonnaiiiide (5.9 mL) was placed under a nitrogen atmosphere, stirred, 
and heated in an oil bath at 75-80^ for 7 hours. After cooling to room temperature, 
the mixture was diluted with EtOAc (50 mL), washed with water (5 x 100 mL) and 
brine (50 mL), dried over MgS04, filtered, and evaporated under vacuum to an oil (47 
mg). The crude product was purified by preparative layer chromatography on a 0. 1 x 
20 X 20 cm silica gel GF plate, developing with 10% EtOAc in hexanes. The product 
band was eluted with EtOAc and the eluent evaporated under vacuum to afford 9a- 
butyl-8K:Uoro-6-fluon)-7-methoxy-4-(trifluoromethyl)-l,2,9,9a-tetrahydro-3ff^ 
fluoren-3-one (39 mg) as an oil. 

Ste p 2: 9a-butvl'8'K:Moro-^-fluon)-7-hvdroxv-4-ftrifluoromethvl)'L2,9,9a-tetr^ 
3g-fluoren-3-one 

A solution of 9a-butyl-8-chloro-6-fluoro-7-methoxy-4- 
(trifluoromethyI)-l,2,9,9a-tetrahydro-3i?-.fluoren-3-one (39 mg, 0.10 mmol) in 
anhydrous dichloromethane (1.0 mL) was cooled in a dry ice-acetone bath (-78'^C) 
and the solution was treated with IM boron tribromide in dichloromethane (0.3 mL, 
0.3 nunol). The cooling bath was removed and the mixture was stirred at room 
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tenqyeratuie for one hour. The mixture was partitioned between EtOAc (20 mL) and 
water (20 mL) containing 2N HQ (1 mL). The organic phase was washed with brine 
(10 mL), dried over ^804, filtered, and evaporated und^ vacuum. The residue was 
purified by preparative layer chromatography on a 0.1 x 20 x 20 cm silica gel GF 
5 plate, developing with 10% EtOAc in CH2CI2. The product band was eluted with 
10% MeOH in CH2CI2, tfie eluent evaporated under vacuum, and the residue 
lyophilized from benzene plus a few drops of EtOH to afford 9a-butyl-8-chloro-6- 
fluoio-7-hydn3xy-4-(trifluoromethyl)-l A9,9a-tetrahydro-3H-fluo as an 

amorphous solid. 

10 

IHNMR (CDCIs, 500 MHz) 5 0.85 (t, CH2CH2CH2CjEr3), 1.11-L28 (m, 
CH2Cff2Ci?2CH3), 1.32 and 1.53 (two m, Cfl2CH2CH2CH3), 2.07 and 2.26 (two 
ddd, l-Cfli). 2.50-2.64 (m. 2^2). 2.78 and 3.08 (two d, 9-CH2). 5.89 (br s, OH). 
and 7.54 (m, ff-5); mass spectrum m/z 377.1 ^+1). 



EXAMPLE 34 

SYNTHESIS OP2-HYDRQXY-5>MBTHYLGIBBA-lfl0a)>2.4.4b-TETRAEN-6- 

ONE 




Step 1: 2>(2-hvdroxvethvlV5-methoxv-l-indanQne 

A solution of 5-methoxy-l-indanone (500 mg, 3.08 mmol) in methanol 
(10 mL) was treated with 10% palladium on carbon (53 mg) followed by 
glycoaldehyde dimer (370 mg, 3.08 mmol) and 0.5M sodium methoxide in methanol 
(1.3 mL, 0.65 mmol). The mixture was placed under a hydrogen atmosphere 
(balloon) and stirred vigorously at room temperature for 65 hours. After purging with 
nitrogen, the mixture was filtered through a 0.45 Jim Acrodisc and the disk was rinsed 
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with methanol (2 mL). TTie filtrate was diluted with BtOAc (25 mL), washed with 
O.IN HCl (15 mL) and brine (15 mL), dried over MgS04, filtered, and evaporated 
under vacumn to a solid (436 mg). LC-MS of this material showed a mixture of 
starting material (major) and product 
5 The mixture was purified by chromatography on a Biotage Hash 12M 

KP-Sil column (12 mm x IS cm). Hie column was eluted with 3:2 EtOAc-hexanes, 
collecting 6 mLfi:acdons every 30 sec. Bractions 20-36 were concentrated under 
vacuum and flashed with brazrae to afford 2-(2-hydioxyethyl)-5-methoxy-l-indanone 
(106 mg, 17% yield) as an oil. 

10 

IH NMR (CDQs, 500 MHz) 5 1.80 and 2.05 (two m, Cfl^CHaOH), 2.79 and 3.35 
(two dd, 2.83 (m, H-2), 3.77-3.90 (m, CHiCfl^OH), 3.87 (s. OCflj), 6.86 (d, 

H-4), 6.89 (dd, jff-6). and 7.67 (d. 

15 Step 2: 2-(2-hvdK>xvethvlV5-methoxv-2-(3-oxopentvlV14ndanone 

A solution of 2-(2-hydroxyethyl)-5-medioxy-l-indanone (105 mg, 0.51 
mmol) in mdhanol (2.0 mL) at room temperature was treated with ethyl vinyl ketone 
(EVK, 0.102 mL) and O.SM sodium methoxide in methanol (0.204 mL, 0.1 mmol). 
20 The mixture was stirred in a capped flask and heated in an oil bath at 60°C for 8 

hours. After cooling, the reaction mixture was diluted with EtOAc (25 mL), washed 
witii 0.2N HCl (15 mL), water (15 mL), and brine (15 mL), dried over MgS04, 
filtered, and evaporated under vacuum to afford 2-(2-hydroxyethyl)-5-methoxy-2-(3- 
oxopentyl)-l-indanone (138 mg, 93% yield) as an oil. 

25 

IH NMR (CDCI3, 500 MHz) 5 0.99 (t, COCH2Ci75), 1.84-2.00 (m, Cff2CH20H and 
C/f2CH2CO), 2.28 (m, CH2C/f2CO), 2.33 (m, COCH2CH2X 2,92 and 3.11 (two d, 3- 
Cfl2), 3.63 and 3.72 (two m, CH2Cff20H), 3.87 (s, OCflj), 6.86 (d, H-4\ 6.91 (dd, 
H-6), and 7.67 (d,ff-7). 

30 

Step 3: 9a-^2-hvdroxvethvlV7-methoxv-4-methvl-1.2.9.9a4etrahvdro-3g-fluor&n-3- 
one and 9a-f2-acetoxvethvlV7-methoxv-4"methvl-1.2.9.9a-tetrahvdn)-3g-fluoren-3" 
one 
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A solution of 2-(2-hydmxyethyl)-5-methoxy-2-(3-oxopentyl)-l-. 
indanone (138 mg> 0.475 mmol) in acetic add (3.0 mL) was diluted vnih aqueous 6N 
HCl (3.0 mL) and the resulting mixture was stirred and heated in an oU bath at 80^C 
for 90 minutes. After cooling to room temperature, the reaction mixture was diluted 
S with EtOAc (20 mL), washed with water (10 mL), IM pH 7 phosphate buffer (IS ml), 
water (IS noL), and brine (IS mL), dried over MgS04, filtered, and evaporated under 
vacuum to an oil (139 mg). LC-MS showed a mixture of 9a-(2-hydn}xyethyl)-7- 
methoxy-4-methyl-l A9,9a-tetrahydro-3£r-fluoren-3-one and its O-acetyl derivative 
9ar(2-acetoxyethyl)-7-niethoxy-4-methyl-lA9.9a-tetiahydro-3H^ 

0 

Ste£4Li|ai(2jiydrM^ 
one 

The mixture of products from step 3 was dissolved in methanol (5 mL) 
5 and tiie solution treated with 05M sodium methoxide in methanol (4.5 mL). The 
mixture was stirred at room tenoq[>erature for 15 minutes then acidified with aqueous 
2N HCl and concentrated under vacuum. The residue in EtOAc (25 mL) was washed 
with brine (20 niL), dried over MgS04, filtered, and evirated und^ vacuum. Hie 
crude product was purified by chromatogr^hy on a Biotag^ FIash-12 M EP-^Sil 
3 column (12 mm x 15 cm). The column was eluted with 3:2 EtOAc-hexanes (145 mL) 
followed by 100% EtOAc, collecting 4 mL fractions every 30 seconds. Fractions 30- 
50 were combined and evaporated under vacuum to give the product as an oil (54.7 
mg, 42% yield). Treatment of this material with Et20 gave the product 9a-(2- 
hydroxyethyl)-7-methoxy-4-methyH,2,9,9a-tetrahydro-3H-fluoren-3-one as a solid. 

5 

NMR (C3X:i3, 500 MHz) 5 L72-l,86 (m, CH2CH2OB), 1.99 and 2.21 (two ddd, 
1-Cif2)» 2.04 (s, 4-Cflj), 2.45 and 2.63 (two ddd, 2-0^2). 2.76 and 3.05 (two d, 9- 
CH2). 3.47-3.62 (m, CH2CH2OH), 3.82 (s, OCfl^), 6.81-8.85 (m, i=f-6 and /f-8), and 
7.61(d,H-5). 

) 

Step 5: 9a-r2-fmethanesulfonvoxv)ethvll-7-methoxv-4-methvl-L2.9.9a-tetrahvdro- 
3g-fluoren-3-one 
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An ice-cold solution of 9a-(2-hy(lroxyethyl)-7-niethoxy-4-methyl- 
l,2,9,9a-tetrahydro-3H-fluoren-3-one (39 mg, 014 nnnol) and triethylamine (0.030 . 
mL, 0,21 mmol) in anhydrous dichloromethane (1.5 ml) was treated with 
methanesulfonyl chloride (0.014 mL» 0.18 mmol) and the resulting solution was 
5 stilted at O^'C for 30 minutes. The mixture was diluted with EtOAc (10 mL), washed 
with water (5 mL), 0-ZN HQ (5 mL), and hrine (5 mL), dried over MgS04. filtered, 
and evaporated under vacuum to provide 9a-[2-(methanesulfonyoxy)ethyl]-7- 
methoxy-4-methyl-l,2,9^a--tetxahydro-3fl-fluorBn-3-one (49,7 mg, 99% yield) as an 
oil. 

10 

IH NMR (CDOs, 500 MHz) 5 2.03 (m, Cfl2CH20), 2.08 (s, 4-CH3), 2.09 and 2.22 
(two ddd, 1-Cfl2)» 2.53 and 2.61 (two ddd, 2-Cfl2)> 2.85 and 3.03 (two d, 9-Cfl2), 
2.89 (s, SO2CH3), 3.85 (s, OCflj), 4.03-4.17 (m, CH2Cfl20), 6.86 (s, H-i), 6.87 (dd, 
fl-6), and 7.64 (d,i?-5). 

15 

Step 6: 9a'^2-iodoethvlV7"methoxv-4-methvl-1.2.9.9a-tetrahvdro-3H-fluoren-3H)^ 

A solution of 2<2-mettioxy-5-methyl-6-oxo-6,7,8,9-tetrahydio-8aff- 
fluoren-8a-yl)ethyl methanesulfonate (49.7 mg, 0.142 mmol) in acetone (2.0 mL) was 

20 treated with sodium iodide (85 mg, 0.57 mmol) and the resulting mixture was stirred 
and heated in an oil bath at eO^'C for 16 hours. After cooling, the mixture was diluted 
with acetone (2 mL) and filtered through a 0.45 \im Acrodisc filter. The filtrate was 
evaporated under vacuum and the residue in CH2CI2 O °iL) was re-filtered. Hie 
filtrate was purified by chromatography on a Biotage Flash 12M KP-Sil column (12 

25 mm x 15 cm) which was eluted with 4: 1 hexanes-EtOAc, collecting 6 mL fractions 
every 30 seconds. Fractions 9-11 gave 9a-(2-iodoethyl)-7-methoxy-4-methyl- 
l,2,9,9a-tetrahydro-3H-fluoren-3-one (34.5 mg, 64% yield) as an oil. 

NMR (CDCI3, 500 MHz) 5 2.03 and 2.20 (two ddd. l-Cfl^)* 2.08 (s, 4-Cfl5), 2.24 
30 (m, Cfl2CH2l), 2.51 and 2.61 (two ddd, 2<:fr2). 2.80 and 2.97 (two d, 9-Cfr2). 2.85 
and 2.95 (two m, CH2Cif2l), 3.86 (s, OCH5), 6.86 (br s, H-8), 6.87 (dd. ff-6), and 
7.64(d,H-5). 

Step 7: 2-methoxv-5-methvlpibba"lf 10a),2A4b-tetraen-&one 
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A solution of iV^-diisopropylanime (O.OIS mL, 0.107 mmol) in 
anhydrous tetrahydrofuian (THF, 1.0 mL) was placed under a nitrogen atmosphere, 
cooled in an ice bath, and treated with 1.6 M n-butyllitfaium in hexanes (0.061 tnT., 
5 0.098 mmol). The solution was stirred at O^^C for 35 minutes, then cooled in a dry ice- 
acetone bath and, after aging for 5 minutes, treated with a solution of 9a--(2- 
iodoethyI)-7-methoxy-4-niethyl-l,2,9,9a-tetrahydro-3H-fluoren-3-<)^ (34 mg, 0.089 
mmol) in THF (1.0 mL). The reaction mixture was warmed from -78°C to room 
temperature over 4 hours, stirred at room temperature for 21 hours, and then quenched 

10 with aqueous 2N HQ (0.5 mL) and diluted with EtOAc (10 mL).. The organic phase 
was washed with water (5 mL) and brine (5 mL), dried over MgS04, filtered, and 
evaporated under vacuum to an oil (27.2 mg). This mat^al was purified by 
chromatography on a Biota^ Flash 12M KP-Sil column (12 nmi x .15 cm), eluting 
with 6: 1 hexanes-EtOAc and collecting 7 roL ficactions every 30 seconds. Fractions 

15 16-20 were combined and evaporated under vacuum to give a mixture (21.7 mg) of 2- 
methoxy-5-methylgibba-l(10a),2,4,4b-tetraen-6-one and the starting material 9a-(2- 
iodoethyl)-7-methoxy-4-metfayl-l,2,9,9a-tetrahydro-3H-fi[uorm-3-one as an oil. 

Step 8: 2-hvdroxv-5-metfavlgibba-lfl0a).2,4,4b-tetraen"6-one and 7-hvdroxv-9a-(2- 
20 iodoethvD^metixvM.2,9.9a-tetrahvdro-3g-fluoren-3-one 

A solution of the product mixture from step 7 (21.7 mg, approx. 0.1 
mmol) in anhydrous dichlorometfaane (1.0 mL) was treated at room temperature with 
aluminum chloride (75 mg, 0.56 mmol) and etfaanetfaiol (0.032 mL, 0.43 mmol). 

25 After stirringiit room temperature for 58 minutes, the yellow solution was treated 

with aqueous 2N HQ (1 mL) and EtOAc (9 ml), washed with water (4 mL) and brine 
(5 mL), dried over MgS04, filtered, and evaporated under vacuum to a solid film. 
The solid in waim EtOH (1 mL) was applied to two 0.1 x 20 x 20 cm silica gel GF 
plates which were developed with lil-hexanes-EtOAc. Two UV visible bands were 

30 removed, eluted with EtOAc, concentrated under vacuum, and the residues 

lyophilized from benzene containing some acetone. The band at Rf 0.57-0.67 gave 
mainly 7-hydroxy-9a-(2-iodoethyl)-4-methyH,2,9,9a-tetrahydro-3J?-fluoren-3-one as 
an amorphous solid (contains approx. 1 1% of the major tetracyclic product). The 
band at Rf 0.47-0.57 gave mainly 2-hydroxy-5-methylgibba-l(10a),2,4.4b-tetraen-6- 

35 one as an amorphous solid (pontains approx. 16% of tiie minor 9a-iodoethyl product). 
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9a-Iodoethyl-tetrabydrofluorenoQe product: NMR (approx. 3:2 CD3CN:CDCl3, 
500 MHz) 5 1.84 (p, CHD2CN), 1.87 (m. l-CflaHt). 1.92 (s, 4-Cffj), 2.01-2.12 (m, 
l-CHafli, and Cfl2CH2l), 231 and 2.44 (two ddd, %CH^, 2.61 and 2.83 (two d, 9- 
5 CH2). 2.76 and 2.87 (two m, 00^2^, 6.63-6.66 (m, H-6 and fl-8), 7.20 (br s, Ofl). 
7.29 (s, CHOs), and 7.43 (d, fl-5); mass spectnim m/z 369.2 (M+1). 

Gibbatetraenone product NMR (.CDd^, 500 MHz) 5 1.64, 1.75-1.86, 2.26 (three 
m, 8-Cfl2 and 9-CH2). 1.88 and 1.95 (dd and d, 1 1-CF2). 2.06 (s, 5-Cffj), 2.98 and 
10 3.22 (two d, 10-Cff2). 3.07 (dd, H-7), 5.87 (br s, Ofl), 6.83 (dd, H-3), 6.86 (hr s, H-l), 
and 7.64 (d,H-4). 



EXAMPLE 35 

15 SYNTHESIS OP 4-BROMO-9a-BUTYI^3-OXO-2.3.9.9a-lg-FLUOREN-7-YL 




20 A solution of 4-bromo-9a-butyl-7-hydroxy-l ,2,9,9a-tetrahydro-3H- 

fluoiien-3-one (30 mg, 0.09 mmol) in anhydrous dichloromethane (1.0 mL) was 
treated with triethylamine (0.015 mL, 0.108 mmol) and pivaloyl chloride (0.0123 mL, 
0.1 nunol). After stirring at room temperature for 20 minutes, the reaction mixture 
was purified by preparative layer chromatography on a 0.1 x 20 x 20 cm sihca gel GF 

25 plate, developing with 5% EtOAc in CH2CI2. The product band was eluted with 
EtOAc, the eluent was evaporated under vacuum, and the residue was lyophilized 
from benzrae to afford 4-bromo-9a-butyl-3-oxo-2,3,9,9a-lH-fluoren-7-yl pivalate as 
an amorphous solid. 
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IH NMR (CDQa, 500 MHz) 6 0.84 (t, CH2CH2CH2C^fj). 1.15-1.30 (m, 
CHzCHiCflzCHs). (s, CiCHi)^), 1.47 and 1.64 (two m, CH2CH2CH2CH3), 2.08 
and 2.27 (two ddd. l-Cfl^). 2.69-2.77 (m, 2-Cff2). 2.81 and 3.04 (two d, 9-Cff2). 7-05 
(dd, H-€), 7.08 (s, ff-8), and 8.55 (d, H-5). 

5 
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TTie foDowing compounds were prepared using methods analogous to 
those desodbed in the pieceding examples: 

5 




36 


R3 =CH3 
RW = CH3 


7-hydroxy-4,9a-dimethyl-lA9,9a-tetrahydro^3fl- 
fIuoien-3-one 


IH NMR (DMSO-dg, 500 MHz) 8 1. 14 (s, 9a-Cflj), 1.92 (s, 4<:H3), 1.98-2.06 (m, 
I-CH2). 2.33 and 2.58 (two ddd, 2rCH2), 2.71 and 2.78 (two d, 9-CH2X 6.74 (dd, H- 
6), 6.79 (d, H-8), and 7.55 (d, H-5). 



37 


R3 =CH3 
R10 = CH2CH3 


9a-efliyI-7.*ydiDxy-4-methyl-l,2,9^a-tetrahydro- 
3£r-fluoien-3-one 


IHNMR (DMSO-dg, 500 MHz) 5 0.79 (t, CHzCffj), 1.32 and 1.55 (two dq, 
CHsCOi), 1.90 and 2.12 (two m. l-CHz), 1.93 (s. 4-CH3), 22S and 2.48 (two m, 2- 
CH2), 2.60 and 2.88 (two d, 9-CH^, 6.73 (dd, H-€), 6.76 (d. H-S), and 7.55 (d, H-5). 



38 


R3 =CH3 

RlO = CH2CH2CH3 


7-hydroxy-4-methyl-9a-propyl-l,2^,9a- 
tetrahydro-3H-fluoren-3-one 


IH NMR (DMSO-dfi, 500 MHz) 6 0.78 (t, CHzCHzCH^), 1.12 and 1.23 (two m, 
CHzCHzCHs). 1-27 and 1.49 (two m, CH2CH2CH3), 1.91 and 2.1 1 (two ddd, 1- 
Cffj), 1.92 (s, 4-CHsX 2.28 and 2.50 (two ddd, 2-CH2). 2.63 and 2.89 (two d, 9- 
CH2), 6.73 (dd, H-€), 6.76 (d, H-S), and 7.54 (d, H-5). 



10 
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R3 =CH3 

RlO = CH2CH(CH3) 


7-hydroxy-9a-isobutyl-4-methyl-lA9,9a- 
tetrahydro-3ff-£luoiai-3-one 


IH NMR (COas, 500 MHz) 8 0.82 and 0.90 (two d, CH(CHj)2), 1.34 and 1.53 (two 
dd, CHzCH-iCOiW' 1-62 (m, CH(CH3)2), 1.99 and 2.25 (two ddd, l-Cfl^). 2-08 (s, 4- 
CHs), 2.52 and 2.65 (two ddd, 2-CH2), 2.72 and 3.02 (two d, 9-CH2). 5.30 (s, OH). 
6.83-6.87 (m, H-6 and H-i), and 7.61 (d, H-5); mass spectrum m/z 271.1 (M+1). 



40 


R3 = CH2CH3 

RlO = CH2CH2CH2CH3 


9a-butyl-4-ethyl-7-hydroxy-lA9,9a-tetrahydro- 
3H-fluom)i-3-one 


IH NMR (DMSO-dfi, 500 MHz) 8 0.79 (t, CH2CH2CH2Cfl5), 0.97 (t, CH2CH3), 
1.06-1.26 (m, CH2Cff2Cfl2CH3). 1-26 and 1.48 (two m, CH2CH2CH2CH3). 1-89 and 
2.10 (two m, 1-C£r2)' 2-26 and 2.46 (two m, 2-CH2), 235 and 2^2 (two m, 
CH^CHa). 2.61 and 2.87 (two d. 9-CH^, 6.72-6.77 (m, H-6 andfl-8), 7.48 (d, H-5). 



41 


R3 = CH2CH2CH3 
RlO = CH2CH2CH2CH3 


9a-butjl-7-hydroxy-4-ptopyI-lA9,9artetrahydio- 
3ff-fluoren-3-one 


IHNMR (CDOg, 500 MHz) S 0.84 (t, CHaCHsCHzCffs), 1.01 (t, CH2CH2CH3), 
1.22, 1.39. and 1.56 (three m, CH2CH2CH2CH2 and CH2CH2CH3), 1.96 arid 2.21 
(two m, 1-Cfl2), 2.38-2.49 and 2.52-2.65 (two m, 2-CH2 and CH2CH2CH3), 2.68 and 
2.93 (two d, 9-Cfl2). 6.77-6.81 (m, H-6 and H-S), and 7.51 (dd, H-5). 



42 


R3 = 


CH2CH2CH2C3I3 


4,9a-dibutyl-7-hydroxy-lA9,9a-tetrahydro-3H- 


R10 = 


CH2CH2CH2CH3 


fluoien-3-one 



43 


r3 = a 

Rio = CH2CH2CH2CH3 


9a-butyl-4-cWoro-7-hydroxy- 1 ,2,9 ,9a-tetrahydro- 
3H-fluoren-3-one 


IHNMR (DMSO-dg, 500 MHz) 6 0.78 (t, CH2CH2CH2Cfl5). 1.04-1.27 (m, 
CH2Cff2Cff2CH3), 1.34 and 1.60 (two m, CH2CH2CH2CH3), 2.02 and 2.13 (two m, 
1-Cfl2). 2.48 and 2.68 (two m, 2-CH2), 2.73 and 2.96 (two d, 9-CH2), 6.76-6.81 (m, 
H-6 and H-S), 8.07 (d, H-5), and 10.35 (br s, OH)- 



5 
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R3 =1 

RlO = CH2CH2CH2CH3 


9a-butyl-7-hydroxy-4-iodo-i;2,9,9a-tetrahydro- 
3H-fluoren-3-one 


IH NMR (DMSO-dg, 500 MHz) 5 0.78 (t, CH2CH.2CB2CH3), 1.04-1.26 (m, 
CH2Cfl2Cfl2CH3), 1.30 and 1.55 (two m, Cff2CH2CH2CH3), 2.00 and 2.12 (two 
ddd, I-CH2). 2.56 and 2.74 (two ddd, 2-CH2). 2.72 and 2.90 (two d, 9-CH2), 6.80 (d, 
H-8), 6.84 (dd. H-6). 8.52 (d, H-5), and 10.36 (s, OH)- 



45 


R3 = CF3 

RlO = C3l2CH2CH2CH3 


9a-butyl-7-hydioxy-4-ttifluoromeaiyl-l,2A9a- 
tetrahydro-3ff-fliKMrMi-3-one 


IH NMR (CDQa, 500 MHz) 5 0.83 (t, CH2CH2CH2Cfl», 1.21 (na, 
CH2Cflr2Cfl2CH3), 1.29 and 1.52 (two m. Cff2CH2CH2CH3), 2.04 and 2.21 (two 
ddd. 1-Cff2). 2.49-2.61 (m, TrCHi), 2.79 and 2.97 (two d, 9-CHi), 5.23 (s, OH), 6.75- 
6.79 (m, H-6 and H-8), and 7.73 (d, H-5); mass spectrum m/z 325.1 (M+1). 



46 


RlO = CH2CH2CH2CH3 


9a-butyl-7-hydroxy-4-phenyl-l,2,9,9a-tetrahydiD- 
3H-fluoirai-3-one 


"HNMR (DMSO-dg, 500 MHz) 6 0.83 (t, CH2CH2CH2Cfl3), 1.15-1.33 (m, 
CH2CH2CH2CH3), 1.42 and 1.68 (two m. CH2CH2CH2CH3), 2.07 and 2.21 (two 
ddd, 1-Cfl2). 2.38 and 2.59 (two ddd, 2-CH2). 2.70 and 2.94 (two d, 9-0^2). 6.04 (d, 
H-5), 6.30 (dd, H-6), 6.70 (d, fl-8), 6.9-7.1 and 7.3-7.43 (two hr m, CgHj), and 9.96 
(hrs,Ofl). 



47 


R'= (X- 

RlO = CH2CH2CH2CH3 


9a-butyl-4-(2-furyl>-7-hydroxy-lA9,9a- 
tetrahydro-3H-fluoren-3-one 


IH NMR (DMSO-dg, 500 MHz) 5 0.81 (t, CH2CH2CH2Cff5), 1.11-1.31 (m, 
CH2CH2CH2CH3), 1.38 and 1.64 (two m, CH2CH2CH2CH3), 2.01 and 2.18 (two 
ddd, I-CH2). 2.39 and 2.58 (two ddd, 2-CH2). 2.71 and 2.96 (two d, 9-CH2), 6.16 (d, 
ff-5), 6.25 (dd, furyl H-3), 6.51 (dd, H-6). 6.56 (dd, furyl H-4), 6.74 (d, H-8), 7.69 
(dd, furyl H-5), and 10.18 (br s, OH). 



5 
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48 


R3 =CH3 

RlO = CH2CH2CH2l 


7-*ydroxy-9a-(3-iodopropyl)-4-methyl-l,2,9,9a- 
tetrahydro-3fl-fluoren-3-one 


IH NMR (CDag, 500 MHz) 5 1.47-1.56 and 1.65-1.83 (two m. CHzCH^-^, 2.03 
and 2.18 (two ddd, I-CH2). 2.08 (s, A-CH^), 2.51 and 2.62 (two ddd, 2-CH2). 2.74 
and 2.92 (two d, 9-CH2), 3.01-3.12 (m, CH2CH2CH2I)' 6 80-6.83 (m, H-6 and ff-8), 
and 7.61 (d, fl-5); mass spectmm m/z 383.1 (M+1). 




49 


R3 =CH3 

RlO = CH=C(CH3)2 


7-hydroxy-4Hmettiyl-9a-(2-inethyl-l-i>ropenyl)- 
1 ,2,9,9a-tetrahydro-3£r-£luoien-3-one 



IH NMR (3:1 COas-CDsCN. 500 MHz) 6 1.52 and 1.53 (two s. =0(0^5)2), 1.96 
and 2.28 (two m, 1-Cfl2). 1-96 (». 4-CH3), 2.28 and 2.47 (two m, 2-Cff2). 2.84 and 
3.03 (two d, 9-CH2). 5.06 (s, Cff=), 6.67 (s, ff.8), 6.71 (d, H-6), 7.11 (br s, OH), and 
7.48(d.H-5). 




50 



H 

R=(CH3)2NCHiCH2 

+ a- 



9a-butyl-4-{4-[2-(dimethylamino)ethoxy]phenyl}- 
7-hydroxy-l,2,9,9a-tetrahydro-3fl-fluoren-3-one 
hydrochloride 



IH NMR (DMSO-dfi, 500 MHz) 6 0.82 (t, CH2CH2CH2CH5), 1-23 (m, 
CH2CH2CH2CH3), 1.40 and 1.66 (two m. CH2CH2CH2CH3), 2.05 and 2.20 (two m, 
I-CH2), 2.37 and 2.57 (two m, 2-CH2). 2.68 and 2.93 (two d, 9-Cfl2). 2.86 (s, 
N(Cff5)2), 3.51 (t, NCH2CH2O). 4.36 (t. NCH2CH2O). 6.17 (d, ff-5). 6.35 (dd. H-6), 
6.72 (d, H-8), 6.84-7.14 (br m. Cgff^), 10.08 (s. OH), and 10.22 (br s, Nfl); mass 
spectrum m/z 420.2 (M+1 of fipee base). 
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R = (CI%CB2)2NCH2CB^ 

* cr 


9a-butyl-4-{4-[2Kdiethylamino)ethoxy]- 
phaiyl)-7-hydn)xy-l^,9^a-tebahydK>-3H- 
fluoren-3-one hydrochloride 


IR NMR (DMSO-dfi, 500 MHz) 6 1.26 (t, N(CH2Cfl3)2). 3.24 (br m. N(Cff2CH3)2), 
3.52 (br m, NCff2CH20), 4.38 (t, NCHzCffzO). 6.83-7.10 (br m. Cgff^), 9.99 (br s, 
liH)> 10.06 (s, Oii), 9a-CH2CH2CH2CH3, 1-CH2, 2-CH2, 9-CH2. H-5, H-6, and H-i 
are identical to previous compound. 



52 


R= (jScHzCHj 


9a-butyl-7-hydiDxy-4-{4-[2-(l- 
pyrrolidin5d)ethoxy]phenyl}-lA9,9a-tetrahydro-3fl- 
fluorBn-3-one hydrochloride 


IH NMR pMSO-dg, 500 MHz) 5 1.90 and 2.03 (two br s, pynolidin^ S-Cffj and 4- 
CH2). 3.13 (br s, NCffjCHzO). 359 (m, pytroUdinyl 2-Cff2 and 5-0^2). 4.35 (t, 
NCHzCffzO). 10.07 (s, OH), 10.44 (br s, Nfl), 92i-CH^H^^3, 1-CH2. Z-Cffj. 
9-CH2. and Cgff^ are idaitical to jaevious compound; mass spectrum 
miz 446.2 (M+l of firee base). 



53 


R= q NCH2CH2 


9a-butyl-7-hydroxy-4-{4-[2-(4- 
morpholinyl)ethoxy]phenyl}-l^,9,9a-tetrahydro- 
3fl-fIuoren-3-one hydrochloride 


IH NMR (DMSO-dfi, 500 MHz) 5 3.22 (br m, NCH2CH2O). 3 54 (br m, morpholinyl 
3-CH2 and S-CHii, 10.06 (s, Ofl). 10.83 (br s, Nfl), 9itCH^^^3, l-Cffj, 2- 
Cjff2. 9-Cff2. NCH2Cff20, H-5, H-6, fl-8 and C^ff^ are identical to previous 
compound; mass spectrum m/z 462.3 (M+1 of free base). 



54 


H 

R = (CH3)2NCH2CH2CH2 

a- 


9a-butyl-4-{4-[3<diinethylaniino)propoxy]- 
phenyl }-7-hydioxy-l,2,9,9a-tetrahydro-3H- 
fluoren-3-one hydrochloride 


IH NMR (DMSO-dfi, 500 MHz) 5 2.05 (m, l-C/^aHb), 2.12-2.23 (m, 1-CHa/ffc and 
NCH2Cff2CH20). 2.79 (s, NiCHs)^), 3.23 (t, NCi?2CH2CH20), 4.08 (t, 
NCH2CH2Cfl20), 10.05 (s. 0/Z), 10.23 (br s, Nfl). 9a-CH2C/?2Ci?2CHi. 2-CH2. 9- 
CH2. ^^-5, ^^-6. i?-8 and CgH^ are identical to previous compound; mass spectrum 
m/z 434.2 (M+1 of free base). 
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NCH2CH2CH2 



a- 



9a-biityl-7-hydroxy-4-{4-[3-(l- 
piperidmyl)propoxy]phenyl}-l,2,9,9a- 
tetrahydrx)-3fl-fluoren-3-one hydrochloride 



IH NMR (DMSO-dg, 500 MHz) 6 1.40 (m, CH2CH2CH2CH3), 1.62-1.85 (m, 
piperidinyl 3-CH2. 4-Cff2 and 5-0^2). 2.05 (m, l-CffoHb), 2.19 (m, l-CHJIi, and 
NCH2CH2CH2O), 2.89, 3.20, and 3.47 (three m, NCff2CH2CH20 and piperidinyl 2- 
CH2 and 6-CH2). 4.08 (t, NCH2CH2Cir20), 6.85-7.05 (br s, CfiH^), 9.85 (br 8, Nfl). 
10.04 (s, OH), 9a-CH.2CH2CH2CH3, 2-CH2, 9-CH2, H-5. H-6, and H-8 are identical 
to previoiis compound; mass spectrum m/z 474.2 (M+1 of ftee base). 




N-OMe 



56 



(3E)-9arbutyl-7-hydioxy^mefliyi-lA9,9a-tetndiydro-3fl-fluorKi-3-oneO- 
mediyloxime 



IHNMR (DMSO-dfi, 500 MHz) 5 0.77 (t, CH2CH2CH2CH3), 1.0-1.2 and 1.2-1.3 
(two m. CH2Cfl2CH2CH3). 1-48 and 1.98 (two m, I-CH2). 2.03 (s, 4-CH5), 2.23 and 
2.72 (two m. 2-CH21 2.53 and 2.80 (two d, 9-Cfl2). 3-83 (s, OCHj), 6.65 (dd. H-6), 
6.68 (s. H-8). 7.41 (d. g-5). and 9.64 (s, OH)- 



10 
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57 



R2 = CH2CH3 
R3 = CH3 



(2S/?,9aSi?)-9a-butyl-2-ethyl-7-hydroxy-4-methyl- 
1 ,2,9,9a-tetrahydro-3H-fluoren-3-one 



IH NMR (CDQa, 400 MHz) 5 0.84 (t, CH2CH2CH2CH5), 0.93 (t, CHzCffj), 1.22, 
1.35, 1.48. and 1.57 (four m, CH-^HiCHzCR^ and CH^Cai), 1.66 and 2.30 (two 
dd, 1-Cfl2). 2.02 (m, CSJiyCRi), 2.06 (s, 4-Cfl;j), 2.36 (m, H-2), 2.68 and 2.84 (two 
d, 9-CH2). 5.49 (br s. OH). 6.79 (dd, H-6\ 6.81 (d, ff-8), and 7.59 (d, H-S); mass 
spectnnn m/z 299.1 QA+l). 



58 



R2 = CH2CH2CH3 
R3 = H 



(2SR,9aSR)-9a-biityi-7-hydroxy-2-propyl-l,2,9,9a- 
tetrahydro-3J2-£luaren-3-one 



IH NMR (0X33, 500 MHz) 5 0.84 (t, CH2CH2CH2Cff5), 0.94 (t. CH2CH2CH5). 
1.18-1.47 (m, CH^CH2CH^3 and CH^CH^^), 1.61 (m. 
CHaHjCH2CH2CH3). 1.65 and 2.35 (two dd, I-CH2). 2.01 (m. CHaff6CH2CH3). 
2.44 (m, H-2), 2.67 and 2.98 (two d, 9-Cff2X 6.12 (s, H-4), 6.22 (br s, OH). 6.87-6.91 



ym, JX-v €m%t » .-^^ " "—^ -f ^ > 1 


59 


R2 = CH2CH2CH3 

R3 = CH3 


(25i?,9a5/?)-9a-butyl-7-hydroxy-4-methyl-2- 
propyl-l,2,9,9a-tetrahydro-3H-fluoren-3-one 



IH NMR (C3)a3. 500 MHz) 5 0.83 (t, CH2CH2CH2CiJ5), 0.94 (t, CHzCHzCffj), 
1.16-1.28 and 1.30-1.44 (two m, C//aHbCi?2Ci?2CH3 and CH^CH2C}i{), 1.55 (m, 
CHaHi,CH2CH2CH3), 1.64 and 2.30 (two dd, 1-Cff2). 2.00 (m, CHaifiCHzCHa), 
2.06 (s, 4-CH3), 2.41 (m, H-2), 2.65 and 2.93 (two d, 9-CH2). 5.08 (s. Off), 6.77 (dd, 
H-6), 6.79 (s, H-8), and 7.59 (d, H-5). 
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R2 = CH2CH2CH3 
R3 = CH2CH2CH2CH3 



(25i2^aSR)-4,9a-dibutyl-7-hydroxy-2-piopyl- 
i;2^,9a-tetrahydro-3fr-fluoren-3-one 



IR NMR (OXnj, 500 MHz) 6 0.83, 0.93 and 0.94 (three t. two CH2CH2CH2CHJ 
and CH2CH2CH5), 1.22, 1.36. 1.42, and 1.51 (fourm, 9a-Cff2Cfl2Cfl2CH3, 4- 
CH2Cfl2CH2CH3, and CUjS^CH^ii, 1.63 and 2.28 (two dd, l-CHif, ISl (m, 
CH^iCH2CH3), 2.41 (m, H-2\ 2.45 and 2.62 (two ddd, 4-Cff2CH2CH2CH3), 2.66 





61 


R2 = CH2CH2CH3 
R3=Br 


(25R,9a5R>4-l)romo-9a-tulyl-7-hydroxy-2- 
propyl-l,2,9,9a-tetrahydro-3H-fluorBn-3-one 



IH NMR (CDa3, 500 MHz) 6 0.84 (t, CH2CH2CH2CHJ), 0.95 (t, CH2CH2Cffj), 
1.18-1.30 and 132-1.49 (two m. CH^CH^^^ and CH^CH^^), 1.63 (m, 
CHaffi,CH2CH2CH3). 1.75 and 2.33 (two dd, l-Cfl^), 2.04 (m, CHafffcCHzCHs), 
2.61 (m, H-2X 2.1 A and 2.98 (two d, 9-0^2), 5.41 (s, Ofl). 6.80 (d, H-8). 6.83 (dd, H- 



' \— » " —/f — « ''t"' — - • ■ ^ 


62 


R2 = CH2CHO 
R3=CH3 


(2RS,9aSR)-9a-butyl-7-hydroxy-2-(2-oxoethyl)- 
l,2,9,9a-tetrahydro-3fl-fluoren-3-one 



IH NMR (CDCI3, 500 MHz) 6 0.86 (t, CH2CH2CH2Cfl5), 1.26 and 1.38 (two m, 
CH^CH2CH2Cai), 1.67 (m, CHaHfcCH2CH2CH3), 1.80 and 2.30 (two dd, I-CH2), 
2.06 (s, 4-CH3), 2.46 and 3.04 (two ddd, CH^O), 2.65 and 2.94 (two d, 9-0^2). 
3.13 (m, H-2), 6.76-6.80 (m, H-6 and H-8), 7.60. (d, fl-5), and 9.89 (s, OH); mass 





63 


R2 = CH2CH2CH2CH3 
R3 = CH3 


(2S/?,9a5i?)-2,9a-dibutyl-7-hydroxy-4-methyl- 
l,2,9,9a-tetrahydio-3/f-fluoien-3-one 



IH NMR (CDQa, 500 MHz) 5 0.83 (t, 9a-CH2CH2CH2Cif5), 0.91 (t, 2- 
CH2CH2CH2Cffj), 1.17-1.44 (m, two CH^CH^H^i), 1.55 (m, 9a- 
CHafffrCH2CH2CH3), 1.65 and 2.30 (two dd, I-CH2), 2.02 (m, 2- 
CHaHfrCH2CH2CH3), 2.07 (s, 4-CH5), 2.42 (m, H-1), 2.65 and 2.93 (two d, 9-CH2). 
6.30 (br s, OH), 6.82 (dd, H-6), 6.84 (s, fi-8), and 7.59 (d, H-5)\ mass spectnim miz 
2327.2 (M+1). 
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64 


Ri=CH2CH2CH3 
R2 = CH3 
R3 = CH, 


(2J?S,9a2JS>9a-butyl-7-hydroxy-2,4-dimethy^ 
propyl-l,2,9.9a-tetrahydro-3H-fluoren-3-one 


IH NMR (CDCI3, 500 MHz) 5 0.82 (t, CH2CH2CH2CHJ). 0.95 (t, CH2CH2CHJ), 
1.05 (s, 2-Cffj), 1.13-1.29 and 1.34-1.54 (two m, CH^2^2^Z ^ 
CHJS^jCH^s), 1.61 and 2.41 (two d, l-CH^). 1-87 (m. CHaHtCH2CH3), 2.10 (s, 
4-Cff5), 2.63 and 2.76 (two d, 9-CH^, 5.14 (s, OH), 6.76-6.80 (m, H-6 and H-8), and 
7.61 (d, H-5); mass spectium m/z 327.2 




65 


Rl=CH2CH2CH3 
R2 = CH2CH2CH3 
R3 = H 


9a-butyl-7-hydroxy-2,2-<iipropyl-l,2,9,9a- 
tetrahydro-3H-fluoTen-3-one 


IH NMR (CDa3. 500 MHz) 6 0.82, 0.83 and 0.94 (three t, CH2CH2CH2CH3 and 
two CH2CH2CH5), 1.08, 1.21, 1.32, 1.43, and 1.54 (five in,CH2CH2Cff2CH3, 
CflyEJbCH2CH3, and CH^^^, 1.74 and 2.30 (two d. I-CH2). 1.86 (m, 
CHaHj,CH2CH3), 2.65 and 2.99 (two d, 9-Cfl2). 5.82 (s, OH), 6.15 (s. H-4), 6.77 (m, 
H-6 and H-8), and 7.44 (m, H-5); mass spectrum m/z 341.1 (M+1). 




66 


Rl = CH2CH2CH3 
R2 = CH2CH2CH3 
R3 = CH, 


9a-butyl-7-hydroxy-4-methyl-2,2-dipropyl- 
l,2,9,9a-tetxahydro-3H-fluoren-3-one 



IH NMR (C3X:i3, 500 MHz) 5 0.79. 0.81 and 0.96 (three t, CH2CH2CH2CH5 and 
two CH2CH2CH3), 1.09-1.68 (m, CH2CH2CH2Ca^, CHaW^HjC&i, and 
CH2C»2CH3). 1.71 and 2.27 (two d, l-CHj). 1-92 (m. CH^bCB.iCH.-i), 2.08 (s, 4- 
CH3), 2.67 and 2.96 (two d, 9-CH2). 5.45 (s, 0H)> 6.76-6.80 (m, H-6 and H-8). and 
7.60 (ro, H-5); mass spectrum m/z 355.3 (M+1). ^ 

5 
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67 



Rl = CH2CH2CH3 
R2 = 0H 
R3 = CH^ 



(2S/?,9a/?5)-9a-butyl-2,7-dihydroxy-4-methyl-2- 
propyl-l,2,9^a-tetrahydn>-3H-fluoten-3-one 



IH NMR (CDCI3, 500 MHz) 5 0.86 (t, CH2CH2CH2Ci?5), 0.94 (t, CH2CH2C//5), 
1.23, 1.34. 1.53, 1.66, and 1.74 (five m, CH2Cff2CH2CH3 andCH2CH2CH3). 2-03 
and 2.65 (two d. I-CH2), 2.10 (s, 4-CH5), 2.64 and 2.98 (two d, 9-CH2). 3-37 (s, OH), 
5.41 (Si OH), 6.76-6.80 (m, H-6 and H-S), and 7.59 (d, H-5); mass spectnim m/z 





68 


Rl = CH2CH3 
R2 = CH2CH3 
R3 = Br 


4-bromo-9a-butyl-2,2-diethyl-7-hydioxy-l,2,9,9a- 
tetrahydro-3J?-flu(MTen-3-one 



two CH2CH5). 1.06-1.26 and 1.38-1.68 (two m, CH2CH2CH2CH3. CHaH^yCR^, and 
Cfl2CH3), 1.77 and 2.25 (two d, I-CH2), 2.03 (m, CHJH{,CH.^), 2.77 and 3.00 (two d, 
9-Cff2). 5.78 (s, OH), 6.81 (d, H-S), 6.85 (dd, H-6), and 8.45 (m, H-5); mass 
spectrum m/z 391.2 QVH-l) and 393.2 (M+3). 




69 


R2 = CH3 


(2S/?.9a5/?)-7-hydroxy-2.4,9a-trimethyl-l,2.9,9a- 
tetrahydro-3H-fluoren-3-one 


IHNMR (CDQs, 500 MHz) 5 1.12 (d, 2-CH3), 1.14 (s, 9a-CH3), 1.75 and 2.04 (two 
dd, I-CH2). 1.95 (s, 4-CH3), 2.53 (m, H-2), 2.64 and 2.72 (two d, 9-Cff2). 6 69 (dd. 
H-6), 6.72 (s, H-S), and 7.48 (d, H-5); mass spectrum m/z 243.1 (M+1). 
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70 


R2 = CH2CH2CH3 


(2SR,9aSR)-7-hydrDxy-4^a-dimethyl-2-propyl- 
l,2^>,9a-tetrahydro-3H-fliK»ten-3-one. 


IHNMR (C3X33. 500 MHz) 6 0.94 (t, CH2CH2CH3), 1.22 (s, Pa-CHj), 1.31-1.44 
(m, CHflHbCH2CH3), 1.79 and 2.17 (two dd, I-CH2). 2.01 (m, CHaHi,CH2CH3), 2.06 
(s, 4-CH5). 2.50 (m, H-2), 2.75 and 2.84 (two d, 9-0^2). 5.68 (br s, OH), 6.80 (dd, H- 
6), 6.84 (d, HS), and 7.59 (d, H-5); mass spectrum m/z 271.1 (M+1). 




71 



(252?,9a5R)-9a-butyl-8-chloro-2-ethyl-7-hydroxy-4-methyl-lA9,9a- 
tetrahydro-3g-fluoren-3-one 



1h NMR (CDOs, 400 MHz) 5 0.85 (t. CH2CH2CH2Cff5), 0.94 (t. CH2CH5), 1.23, 
1.37, 1.48, and 1.57 (fourm, CH^H^^^ and CffaHbCHs), 1.69 and 2.33 
(two dd. 1-Cfl2). 2.01 (m, CB^yCH-i), 2.05 (s, 4-Cff5), 237 (m, H-2), 2.68 and 
3.05 (two d, 9-CH2). 5.73 (s, Ofl), 6.99 (d, H-6), and 7.54 (d, H-5); mass spectrum 







Me 9 










HO 




72 


R7 = CI 

RlO = CH2CH3 


8-chloro-9a-ethyl-7-hydroxy-4-methyl-l,2,9,9a- 
tetrahydro-3fl-fluoren-3-one 


IH NMR (CDQs, 500 MHz) 5 0.87 (t, CH2CH5), 1.49 and 1.63 (two dq, CH2CH3), 
2.00 and 2.26 (two ddd, I-CH2). 2.06 (s, 4-CH5), 2.48 and 2.57 (two ddd, 2-CH2), 
2.67 and 3.05 (two d, 9-CH2), 5.75 (s, Ofl), 6.99 (d, H-6\ and 735 (d, fl-5). 
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73 


R7 = Br 

RlO = CH2CH3 


8-brom<>-9a-elhyl-7-hydroxy-4-n)ethyl-l,2,9,9a- 
tetrahydio-3H-fluoien-3-one 


iH NMR (CDCI3, 500 MHz) 5 0.86 (t, CHzCffj). 1.50 and 1.61 (two dq, CH2CH3), 
2.00 and 2.26 (two ddd, I-CH2). 2-06 (s, 4-CH5), 2.48 and 2.57 (two ddd, 2-CH2). 
2.67 and 3.00 (two d, 9-CH2). 5.85 (s. Ofl). 6.99 (d, H-6), and 7.58 (d, H-S). 



74 


R7 = CH3 
RlO = CH2CH3 


9a-ethyl-7-hydroxy-4,8-dimethyl-l,2,9,9a- 
tetrahydio-3fl-fluoren-3-one 


IH NMR (CDCI3, 500 MHz) 5 0.85 (t, CH2CH5), 1.47 and 1.62 (two dq, Cfl2CH3), 
1.98 and 2.25 (two ddd, I-CH2), 2.06 (s. 4-CHj), 2.19 (s, 8-CH5). 2.47 and 2.58 (two 
ddd. 2-CH2). 2.57 and 2.94 (two d, 9-CH2). 5.45 (s, OH), 6.77 (d, £M). and 7.46 (d. 
H-51 



75 


R7 = CI 

RlO = CH2CH2CH3 


8-cWoro-7-hydroxy-4-methyi-9a-propyl-lA9,9a- 
tBtiahydio-3H-fluoien-3-one 


IRNMR (CDa3, 500 MHz) 8 0.85 (t. CH2CH2CH5), 1.13-1.32 (m, CH2CH2CH3), 
1.42 and 1.56 (two dt, Cff2CH2CH3), 2.01 and 2.25 (two ddd, I-CH2), 2.06 (s. 4- 
CHj). 2.48 and 2.59 (two ddd, 2^2). 2.70 and 3.05 (two d, 9-Cff2). 7.00 (d, H-6), 
and 7.55 (d, H-5); mass spectnnn m/z 291.2 (M+1). 



76 


R7 = Br 

RlO = CH2CH2CH3 


8-bromo-7-hydroxy-4-methyl-9a-propyl-l,2,9,9a- . 
tetrahydro-3i7-fluorcn-3-one 


iRNMR (CDCI3, 500 MHz) 5 0.84 (t, CH2CH2CH5), 1.12-1.32 (m, CHzC/fzCHj), 
1.43 and 1.56 (two dt, Ci?2CH2CH3), 2.00 and 2.24 (two ddd, I-CH2). 2.06 (s, 4- 
CH3), 2.48 and 2.59 (two ddd, 2-CH2). 2.69 and 3.09 (two d, 9-Cfl2)' 5 86 (br s, OH), 
6 99 (d, H-6), and 7.58 (d, H-5); mass spectrum m/z 335.3 (M+1) and 337.3 (M+3). 



5 
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77 



R7 = CH3 

RlO = CH2CH2CH3 



7-hydrQxy-4,8-<iiineth)i-9ai»op^-lA9,9a- 
tetFahyd]x>-3J7-£luoiea-3-one 



IH NMR (CDaj, 500 MHz) 5 0.83 (t, CH2CH2CH5), 1.13-1.32 (m, CH2Cff2CH3), 
1.41 and 1.55 (two dt, CH2CH2CH3), 1.99 and 2.23 (two ddd, I-CH2). 2.06 (s, 4- 
Cffj). 2.19 (s. 8- Cffj), 2.48 and 2.60 (two ddd, 2-Cfl2). 2.60 and 2.94 (two d, 9- 
CH2), 5.67 (s, OH), 6.79 (d, H-6), and 7.47 (d, H-5); mass spectrum m/z 2713 
(M-fl). 



78 


R7 = a 

RlO = (£)-CH=CHCH3 


8-chlQro-7-hydroxy-4-methyl-9a-[(l£>l- 
propenyl]-! ,2,9,9a-tetrahydro-3fl-fluoien-3-one 


IH NMR (CDCI3, 500 MHz) 5 1.57 (dd, CH=CHC£f3), 2.10 (s, 4-CH3), 2.12 and 
2.17 (two ddd, I-CH2). 2.43 and 2.54 (two ddd, 2-Cff2). 2.91 and 3.04 (two d, 9- 
CH2), 5.25 (dq, CH=CHCH3), 5.44 (dq, CH=CHCH3), 7.00 (d, H-6), and 7.56 (d, H- 
5); naass spectrum m/z 289.4 (M+1). 



779 


R7 = Br 

RW = CH2CH2Cai2CH3 


8-bromo-9&*utyl-7-hydioxy4-mediyl-l,2,9,9a- 

tetrahydro-3ir-fluoren-3-one 


IH NMR (DMSO-dfi, 500 MHz) 6 0.78 (t, CH2CH2CH2CH5), 1.07 and 1.18 (two mi, 
CH2CH2Cff2CH3), 1.30 and 1.54 (two m, Cff2CH2CH2CH3). 1.92 (s, 4^^), 1.95 
and 2.14 (two m, I-CH2). 2.30 and 2.51 (two m, 2-CH2)» 2.65 and 2.90 (two d, 9- 
Cfly. 6.94 (d, H-6), and 7.55 (d, H-5). 



80 


R7 = CH3 

RlO = CH2CH2CH2CH3 


9a-butyl-7-hydroxy-4,8-<limethyl-i;2,9,9a- 
tetrahydro-3i?-fluorcn-3-one 


IH NMR (DMSO-dfi, 500 MHz) 5 0.77 (t, CH2CH2CH2CHJ), 1.16 (m, 
CH2C^f2C//2CH3), 1.25 and 1.50 (two m, Cfl2CH2CH2CH3), 1.89 and 2.13 (two m, 
I-CH2), 1.90 (s, 4-CH3X 2.04 (s, 8-CHj). 2.27 and 2.47 (two m, 2-CH2). 2.52 and 
2.88 (two d, 9-CH2), 6.79 (d, H-6), 7.38 (d, H-5), and 9.90 (s, OH)- 
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81 


R7 = NO2 

RlO = CH2CH2CH2CH3 


9a-butyl-7-hydroxy-4-methyl-8-mtro-lA9,9a- 
tetrahydro-3i3-fluoren-3-one 


IHNMR (DMSO-dg. 500 MHz) 5 0.77 (t, CH2CH2CH2CH5), 1.05 and 1.16 (two m, 
CH2Cfl2Cfl2CH3). 1-31 and 1-53 (two m. CH2CH2CH2CH3), 1.93 (s, 4-Cff,). 1.96 
and 2.13 (two m. I-CH2). 2.32 and 2.51 (two m, 2-0^2), 2.83 and 2.99 (two d, 9- 
Cffa). 7.08 (d, if-6), and 7.80 (d, H-S). 



82 


R7 = NH2 

RlO = CH2CH2CH2CH3 


8-amino-9a-butyl-7-hydioxy-4-methyl-i;2,9,9a- 
tetrahydio-3fl'-flu{MBn-3-one 


IH NMR (DMSO-dfi, 500 MHz) 5 0.79 (t, CH2CH2CH2Cff3), 1.10-1.27 (m, 
CHJS^CH^H^i), 1.48 (m. CH^fcCH2CH2CH3). 1.89 (s, 4-CHj), 1.90 and 2.13 
(two m, 1-Cfl2). 2.27 and 2.46 (two m, 2-Cfl2). 2.34 and 2.87 (two d, 9-CH2). 6-69 
(d, 7f-6 or H-5), and 6.88 (d, H-S or H-6). 




83 



R = H 



9a-butyl-7-hydroxy-4-(4-hydroxyphMiyI)-8-inethyl- 
l,2,9,9a-tetrahydro-3fl-fluoren-3-one • 



IH NMR (CDa3, 500 MHz) 5 0.87 (t, CH2CH2CH2CHJ), 127 (m, 
CH2CH2Cfl^CH3), 1.51 and 1.70 (two m, Cff2CH2CH2CH3), 2.08 and 2.31 (two m, 
1-Cfl2). 2.13 (s, 8-CH3), 2.59 and 2.71 (two m, 2-CH2), 2.61 and 2.97 (two d, 9- 
CH2), 6.09 (d, if-6 or H-5), 6.29 (d, H-S or H-6), 6.71 (s, OH), 6.74-6.88 (br m, 
CfHA and 7.36 (s. OH); mass spectrum m/z 363.2 (M+1). 



-126- 



wo 01/82923 



PCT/USOl/04831 



84 



R= ^^NCHzCHz 



9arbutyl-74iydroxy-8-methyl-4-{4-[2-piperidinyl)- 
ethoxy]phen^}4^^,9a-tetrahy±o-3H-flu(MBn-3-one 



IH NMR (OXla. 500 MHz) 8 0.87 (t, CSLfSf^2^^3>^ 1.23-1.36, 1.43-1.51, and 
1.61-1.69 (three m. CH.2CH:fiH^CBi, piperidinyl 3-Cff2. and S-Cffj), 1.52 
and 1.72 (two m, Cff2CH2CH2CH3), 2.10 and 2.31 (two m, l-Cffj). 2.13 (s, 8-CHj), 
2.51-2.71 (m, 2-Cfl2 and piperidinyl N(Cfl2)2). 2-64 and 2.97 (two d, 9-CH2), 2.83 (t, 
NCH2CH2O). 4.10 (m, NCH2CH2O), 6.19 (d, H-6 or H-5), 6.37 (d, H-5 otH-6), 







Br,.0 










HO 




85 


R7 = H 


4-bromo-7-hydiDxy-9a-propyl-lH-fluoiBn©- 
3,9(2ff,9afl)-dione 


IH NMR (DMSO-d^, 500 MHz) 5 0.71 (t, CH2CH2Cff5), 0.97 (m, CH2CH2CH3), 
1.68 and 1.79 (two ddd, Cfl2CH2CH3), 1.99 and 2.16 (two ddd, l-CH^. 2.62 and 
2.94 (two ddd, 2-CH2). 7.12 (d, H-8), 7 J4 (dd. H-6), and 8.56 (d, ff-5). 



86 


R7 = Br 


4,8-dibiomo-7-hydroxy-9a-piDpyl-lfl-fluorene- 
3,9(2H,9afl)-dione 


IHNMR (CDCI3, 500 MHz) 6 0.80 (t, CH2CH2CH5), 1.10 (m, CH2CH2CH3), 1.73 
and 1.86 (two m, Cfir2CH2CH3)» 2.01 and 2.41 (two ddd, I-CH2), 2.80 and 2.90 (two 
ddd, 2-CH2), 6.47 (br s, Ofl), 7.46 (d, H-6). and 8.72 (d. H-5). 
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87 



4-bn>mo-9a-butyl-7-hydroxy-^methyl-l,2,9^a-tetrahydtt)-3H-fluoien-3H^ 



IH NMR (CDQa, 500 MHz) 5 0.84 (t. CH2CH2CH2Cfl3). 1.14-1.30 (m, 
CH2CH2CH2CH3), 1.45 and 1.63 (two m, CH2CH2CH2CH3), 2.04 and 2.23 (two 
ddd, 1-CJ32). 2.31 (s, 6-CH3), 2.66-2.79 (m, 2-0^2). 2.73 and 2.96 (two d, 9-CH2X 
5.59 (s, OH), 6.77 (s, H-S), and 836 (s, H-5); mass spectrum m/z 349.0 (M+l) and 
351.0 (M+3). 




88 



9a-butyl-8-cMoiD-4-^methyl-3K)xo-23.9,9a-tetrahydro-lfl-fluoien-7-ylpivalate 



IH NMR (CDCI3, 500 MHz) 5 0.85 (t. CH2CH2CH2CH5), 1.16-1.29 (m, 
CH2CH2CH2CH3), 1.40 and 1.58 (two m, CH2CH2CH2CH3), 1.41 (s, 0(0^5)3), 2.01 
and 2.28 (two ddd, I-CH2), 2.49 and 2.59 (two ddd, 2-CH2), 2.71 and 3.10 (two d, 9- 
CH2), 7.07 (d, ff-6), and 7.60 (d, H-S). 
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89 


R3 = CH3 
R7 = F 


9a-butyI-6,8-di£luoio-7-hydroxy-4-methyl- 
l,2,9,9a-tetrahydro-3H-fluoren-3-one 


IH NMR (CDCI3, 500 MHz) 5 0.85 (t, CH2CH2CH2CH5), 1.13-1.29 (m, 
CH2CH2Cfl2CH3)' 1-37 and 137 (two m, CH2CH2CH2CH3), 1.99 and 2.25 (two 
ddd, 1-Cif2), 2.04 (s, 4-Cif5), 2.48 and 2.57 (two ddd, 2-Cff2). 262 and 3.07 (two d, 
9-CH2), 5.36 (s, OH), and 7.28 (dd, H-S); mass spectrum m/z 307.4 (M+1). 




90 


R3 = CH2CH3 

R7=F 


9a-but5d-4-ed»yl-^,8-dmu(MX>-7-hydioxy-lA9,9a- 
tetrahydro-3fl-fluoren-3-one 



1.30 (m. CH2CH2CH2CH3), 1.38 and 1.55 (two m, CH2CH2CH2CH3). 1.97 and 2.24 
(two ddd, 1-Cff2). 2.41 and 2.63 (two dq, CH2CH3), 2.47 and 2.56 (two ddd, 2-Cff2), 
2.61 and 3.06 (two d, 9-Cff2), 6.01 (s, Ofl), and 7.23 (dd, H-5); mass spectrum m/z 
321.2 (M-t-1). . 



91 


R3 = Br 
R7 = F 


4-bromo-9a-butyl-6,8-difluoio-7-hydroxy- 
l,2,9,9a-tetrahydro-3jFf-fluoren-3-one 


IH NMR (C3)Cl3, 500 MHz) 5 0.86 (t, CH2CH2CH2CH5), 1.13-1.31 (m, 
CH2Cff2Ci?2CH3), 1.47 and 1.63 (two m, CH2CH2CH2CH3), 2.09 and 2.29 (two 
ddd, 1-Ci?2), 2.70-2.79 (m, 2-C2f2). 2.71 and 3.12 (two d, 9-0^2). 5.73 (s, OH), and 
8.17(dd,fr-5). 
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92 


R3 = a 
R7 = Br 


8-bromo-9a-butyl-4-chloro-8-difluoro-7-hydioxy- 
l^,9^a-tetrahydro-3H-fluoren-3-one 


IRNM 
CH2CS 
ddd,l-< 
8.10 (di 


R (CDCI3, 500 MHz) 5 0.86 (t, CH2CH2CH2CH5), 1.13-L31 (m, 
I2CH2CR2), 1.50 and 1.65 (two m, Cff2CH2CH2CH3). 2.09 and 2.29 (two 
CH2). 2.66-2.74 (m. 2-0^2). 2.74 and 3.05 (two d, 9-Cff2). 5.88 (s. OH), and 
IH-Sy 




93 


R3=Br 
R7=Br 


9a-butyl-4,8-dihromo-6-fluoio-7-hydioxy- 
l,2^,9a-tetrahydro-3H-fluorrai-3-one 


CH2C/ 
ddd.1- 
832 (d 


R (CDCl-i, 500 MHz) 5 0.86 (t, CH2CH2CH2CH5). 1.13-1.30 (m, 
f2CH2CH3). 1.51 and 1.64 (two m, CH2CH2Cai2CH3), 2.09 and 2.29 (two 
CH2). 2.69-2.80 (m. 2-CH2). 2.73 and 3.04 (two d, 9-CH2). 5.88 (d, OH), and 
,H-5). . 




94 


R3=:CH3 

R7=H 


9a-ethyl-6-fluoro-7-hydroxy-4-methyl-l,2,9,9a- 
tetrahydro-3fl-fluoien-3-one 


IHNM 
1.97 an 
2.65 an 
soectni 


R (CDQs. 500 MHz) 5 0.85 (t, CH2CH5). 1.47 and 1.61 (two dq, Cif2CH3), 
d 2.23 (two ddd, I-CH2). 2.05 (s, 4-CH3), 2.47 and 2.56 (two ddd, 2-CH2). 
d 2.92 (two d, 9-CH2). 5.38 (d, OH). 6.95 (d, ff-8), and 7.43 (d, H-5); mass 
mm/z 261.2 (M+1). . 




95 


R3 = CH3 
R7=F 


9a-ethyl-6,8-difluon>-7-hydK)xy-4-methyl- 
1.2,9.9a-tetrahydro-3ff-fluoren-3-one 


IHNW 
1.99 at 
2.61 ai 


[R (CDCI3, 500 MHz) 5 0.87 (t, CHjCHj). 1.47 and 1.61 (two dq. CH2CH3). 
id 2.26 (two ddd. I-CH2). 2.04 (s, 4-Cff5). 2.48 and 2.56 (two ddd, 2-CH2). 
id 3.07 (two d, 9-CH2). 5.41 (s, OH), and 7.28 (d, fl-5). 
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96 


R3 = CH3 


8-chloro-9a-etiiyl-6-fluoro-7-hydroxy-4-methyl- 


R7=C1 


l^^^a-tetrahydro-3H-fluoren-3-one 


IH NMR (CDd^, 500 MHz) 5 0.86 (t, CH2CHJ). 1.48 and 1.62 (two dq, CJEfzCHs). 
1.99 and 2.27 (two ddd, I-CH2), 2.04 (s, 4-Cffj), 2.48 and 2.57 (two ddd, TrCHz), 
2.64 and 3.03 (two d, 9-Cff2). 5.68 (s, OH), and 7.40 (d, H-5); mass spectrum m/z 


2953 (M+1). 





97 


R3 = CH3 
R7 = Br 


8-bromo-9a-ethyl-6-fluon>-7-hydroxy-4-methyl- 
1 ,2,9,9a-tetrahydro-3ff-fluotai-3-one 


IH NMR (CDOs, 500 MHz) 5 0.86 (t, COxCHj), 1.49 and 1.62 (two dq, CH2CH.S), 
1.99 and 2.26 (two ddd, 1-0^2). 2.04 (s, 4-CH3), 2.48 and 2.57 (two ddd, 2-Cff2). 
2.64 and 2.99 (two d, 9-CH2). 5.96 (d, OH), and 7.43 (d, H-5). 



98 


R3 = CH3 
R7 = CH3 


9a-ethyl-€-fluOTO-7-hydroxy-4,8-dimediyl- 
lA9,9a-tetrahydro-3H-fluoren-3-one 


IH NMR (CDQa, 500 MHz) 6 0.85 (t, CH2CH3). 1.47 and 1.61 (two dq, CH2CH3). 
1.97 and 2.25 (two ddd. I-CH2). 2-04 (s, 4-CH5), 2.21 (s. 8-Cff5). 2.47 and 2.57 (two 
ddd, 2-Cff2). 2-54 and 2.90 (two d. 9-Cff2). 5.40 (d, OH), and 7.31 (d. H-5); mass 
spectrum m/z 275.3 (M+l). 



99 


R3 = CH2CH3 
R7=F 


4,9a-dieftyl-6,8-difluoro-7-hydroxy-l,2,9,9a- 
tetrahydro-3fl-fluoreii-3-one 


IR NMR (CDCI3, 500 MHz) 5 0.86 (t, 9a-CH2Cff3). 1.09 (t, 4-CH2CH3), 1.48 and 
1.60 (two dq, 9a-Cff2CH3). 1-98 and 2:25 (two ddd, I-CH2), 2.42 and 2.63 (two m, 4- 
Cff2CH3), 2.46 and 2.54 (two ddd, 2-CH2). 2.60 and 3.06 (two d, 9-CH2), 5.39 (t, 
OH) and 7.24 (d,H-5); mass spectrum m/z 293.3 (M+l). 



100 


R3=Br 
R7 = C1 


4-bromo-8-chloro-9a-ethyl-6-fluoro-7-hydroxy- 
l,2,9,9a-tetrahydro-3H-fluoren-3-one 


IH NMR (CDC\2, 500 MHz) 6 0.89 (t, CHaCHj), 1.58 and 1.69 (two dq. CH2CH3), 
2.09 and 2.30 (two m, l-CHj), 2.69-2.79 (m, 2-CH2), 2.73 and 3.08 (two d, 9-CH2). 
5.93 (br s, OH), and 8.29 (d, H-5); mass spectrum m/z 359.2 (M+l), 361.2 (M+3). 
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CI 



4-biomo-8-cm(Mx>-9aKcyclop€mtylme&yl)-6-fluoit)-7-hyd^ 
tetrahydro-3H-fluQren-3-one 



IHNMR (0X33, 500 MHz) 5 0.94-1.12, 1.38-1.49, 1.51-1,69, and 1.71-1.79 (four 
m, cyclopentylmethyi), 2.11 and 2.31 (two ddd. l-CH^. 2.72 and 2.81 (two ddd, 2- 
CHi), 2.76 and 3.17 (two d, 9-Cff2), 5.97 (d. OH), and 8.29 (d, H-5) 











HO 




102 


R7=H 


9a-eth^-5-fluoro-7-hydroxy-4-methyl-l,2,9,9ar 
tBtrahydio-3H-fluQren-3-one 


IH NMR (CDCI3. 500 MHz) 6 0.85 (t, CH2CHJ). 1.42 and 1.64 (two dq, CH2CH3). 
1.96 (d, 4-CHj), 1.96 and 2.21 (two ddd, I-CH2). 2.44 and 2.54 (two ddd, 2-CH2). 
2.67 and 2.90 (two d, 9-CH2). 5.81 (br s, OH), 6.46 (dd, H-6), and 6.59 (s, H-8); 
mass spectrum m/z 26 1.2 ^+1). 



103 


R7=Br 


8-bromo-9a-ethyl-5-fluoro-7-hydroxy-4-methyI- 
1 ,2,9,9a-tetrahydro-3H-fluoren-3-one 


IR NMR (CDaa, 500 MEIz) 5 0.86 (t, CHaC/fj), 1.46 and 1.67 (two dq, CH2CH3), 
1.94 (d, 4-Ci7j), 1.99 and 2.25 (two ddd, 1-Ci?2). 2.46 and 2.55 (two ddd, 2-CH2). 
2.68 and 2.98 (two d, 9-0^2), 5.82 (d, OH), and 6.70 (d. H-6). 
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Mp #P 

k 


104 


R7=H 5 

1 


>a-eAyl-6,7-dihydioxy-4-methyl-lA9,9a- 
letrahyd«>-3H-fluoren-3-one 


IHNM] 
1.97 an< 
2.64 an( 
and 7.4' 


R (CDCI3, 500 MElz) 5 0.86 (t, CH2CH3), 1.48 and 1.61 (two dq, CH2CH3), 
1 2.22 (two ddd, I-CH2), 2.10 (s. 4-CHsl 2.49 and 2.60 (two ddd. 2-Cff2), 
i 2.89 (two d. 9-CH2). 5.91 (br s. OH), 6.86 (s. H-5 or H-8), 6.94 (br s, OH), 




105 


R7=Br 


8-ta>mo-9a-ethyl-6,7-dihydroxy-4-mefli3«- 
l,2,9,9a4rtrahydio-3H-fluorra»-3-one 


»HNM 
1.98 an 
2.62 an 


R (0X33, 500 MHz) 5 0.85 (t. CBz^Ia)' 1-49 and 1.61 (two dq, CH2CH3). 
d 2.24 (two ddd, 1-CH2), 2.06 (s, 4-CH5), 2.47 and 2.56 (two ddd, 2-CH2). 
d 2.93 (two d, 9-Cfl2). and 7.28 (s, H-5). 


HO. 




106 


R3 = CH3 


9a-ethyl-6-hydroxy-4-methyl-l,2,9,9a-tetrahydro- 
3H-fluoren-3-one 


IH NMR (CDCI3, 500 MHz) 5 0.86 (t, CH2CH5), 1.48 and 1.60 (two dq, CH2CH3), 
1.99 and 2.24 (two ddd, l^2)> 2.11 (s. 4-CH5), 2.49 and 2.59 (two ddd, 2-CH2), 
2.64 and 2.92 (two d. 9-CH2), 6.01 (s, OH), 6.89 (dd. H-7). 7.18 (d, H-8). and 7.29 (d, 
g-5). 
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107 


R3 = CH=CH2 


9a-ethyl-6-hydroxy-4-vinyl-l,2,9,9a-tetrahydro- 
3J?-fluoiKi-3-one 


IHNMR (COaj, 500 MHz) 6 0.86 (t. CH.2CH3), 1.49 and 1.63 (two dq. CH2CH3), 
2.01 and 2.23 (two ddd, l-Cfl^). 2.51 and 2.61 (two ddd, 2-0^2). 2 66 and 2.92 (two 
d, 9-CH2), 5.53 (dd. cis Ca=CHM, 5.63 (s, OH), 5.82 (dd, trans Ca=CE^i,), 6.53 
(dd, Ci?=CHyih), 6.89 (dd, fl-7), 7.17 (d, i5r-8), and 7.32 (d, H-5). 



108 


R3 = CH2CH=CH2 


4-allyl-9a^yl-6-hydioxy-lA9,9a-tetrahydio- 
3iir-fluoren-3-one 


iH NMR (C3X33, 500 MHz) 6 0.87 (t, CH2CH3), 1.53 and 1.66 (two dq, CffjCHs), 
2.01 and 2.25 (two ddd, l-Cfl^). 2.49 and 2.60 (two ddd, 2-CH2). 2.66 and 2.73 (two 
d, 9-CH2). 313 and 3.49 (two m. CiBr2CH=CH2), 5.00-5.07 (m, CH=Cff2). 5.18 (s, 
OH), 5.98 (m, CH^KMt), 6.87 (dd, H-7), 7.13 (d, H-5), and 7.17 (d, H-S). 




109 



2-4iydroxy-5-melhyl-7,8,9,10-tetrahydio-7,10a-niethanocycloocta(a]inden- 
6(llfl)-one . 



IH NMR (2:1 CDas-CDsCN, 500 MHz) 5 1.30-1.46 (m, 9-CH2. 10-Cff2. and 8- 
CH^b). ). 1-64 (m, 8-CHa«6). 1-85 and 2.11 (dd and m, 12-Cif2), 1-98 (s, S-CHj), 
2.52 (m, H-n 2.55 and 2.74 (two d, ll-C/^z). 6.66 (d, H-3), 6.68 (s, H-1), 7.28 (s, 
CHCh), and 7.47 (d, HA); mass spectrum m/z 255.3 (M+1). 
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110 


R3 = Br R7 = H 
RlO = CH2CH2CH2CH3 


7-amino-4-bromo-9a-butyl-i;i,9,9a-tetrahydro- 
3H-fluoien-3-one 


IH NMR (DMSO-d^, 500 MHz) 6 0.79 (t, CH2CH2CH2CH5), 1.04-1.27 (m, 
CH2Cff2Ci?2CH3), 1.32 and 1.57 (two m, CH2CH2CH2CH3), 1.96 and 2.09 (two m, 
I-CH2). 2.48 and 2.65 (two m, 2-Ci?2). 2.64 and 2.85 (two d, 9-Cfl2). 6.14 (s, Nfl^). 
6.51 (s. H-8), 6.55 (dd, fl-6), and 8.13 (d, H-S). 



111 


r3 = CH3 R7 = Br 
R10 = CH2CH3 


7-amino-4,8-dibroino-9arelh^-l,2,9,9a- 
tBtrahydro-3H-fluot«i-3-one 


IH NMR (CXOs, 500 MHz) 6 0.86 (t, CH2CH5), 1.50 and 1.63 (two dq, CH2CH3), 
1.98 and 2.24 (two ddd, I-CH2). 2.05 (s, 4-CH5). 2.46 and 2.56 (two ddd, 2-CH2). 
2.61 and 2.99 (two d, 9-Cff2). 4.42 (s, HH^), 6.70 (d, H-6), and 7.48 (d, H-S). 



5 
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HXAMPLE 112 

The following compounds are prepated using methods analogous to 
those described in the preceding examples: 

5 
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CF^ 
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CH2CH2CH3 
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CC=0X3Ha 
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n 
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RRtm pen Receptor Binding Assay 

The estrogen receptor ligand binding assays are designed as 
scintillation proximity assays employing the use of tritiated estradiol and recombinant 

5 expressed estrogen receptors. The full length recombinant hiunan ER-<x and ER-^ 
proteins are produced in a bacculoviral expression system. ER-a or ER-p extracts are 
diluted 1:400 in phosphate buffered saline containing 6 mM Ormonothiolglycerol. 
200 iiL aliquots of the diluted receptor preparation are added to each well of a 96-well 
Hashplate. Plates are covered with Saian Wrap and incubated at 4 C ovemi^t 

10 TTie following morning, a 20 ul aliquot of phosphate bufifered saline 

containing 10% bovine SOTim albumin is added to each well of the 96 well plate and 
allowed to incubate at 4^*0 for 2 hours. Then Ae plates are washed with 200 ul of 
buffer containing 20mMTris(pH7:2). ImMEDTA, 10% Glycerol, 50 mM KQ, 
and 6 mM OrmonothiolglyceroL To set up the assay in these receptor coated plates, 

15 addl78ulofthesamebuffertoeachwellpfthe96wellplate. Thenadd20 ulof a 
10 nM solution of ^-estradiol to each well of the plate. 

Test compounds are evaluated over a range of concentrations from 
Om nM to 1000 nM. The test compound stock solutions should be made in 100% 
DMSO at lOOX the final concentration desired for testing in the assay. The amount of 

20 • DMSO in the test weDs of the 96 well plate should not exceed 1%. The final addition 
to the assay plate is a 2 ul aliquot of the test compound which has been made up in 
100% DMSO. Seal the plates and allow item to equilibrate at room temperature for 3 
hours. Count the plates in a scintillation counter equipped for couriting 96 well plates. 

The compounds of Examples 1-111 exhibit binding affinities to the 

25 estrogen receptor a-subtype in the range of IC50 = 2.8-5625 nm, and to the estrogen 
receptor P-subtype in the range of IC50 = 0.6-126 ran. 

Pharmaceutical Composition 

As a specific embodiment of this invention, 25 mg of 
30 tetrahydrofluorenone from Example 17, is formulated with sufficient finely divided 
lactose to provide a total amount of 580 to 590 mg to fill a size 0, hard-gelatin 
capsule. 
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WHAT IS CLAIMED B: 

1. A compound of the fonnula: 




5 wherein X is selected from the group consistmg of: O, N-OR^ N-NR^R^ and Ci.6 
alkylidene, wherein said alkylidene group is unsubstituted or 
substituted with a group selected from hydroxy, amino, 0(Ciu^alkyl), 
NH(Ci^alkylX or N(Ci^alkyl)2; 
Ri is selected from the group consisting of hydrogen, Ci^alkyl, C2-6aU^iiyU 

10 C2^alkynyl, v^erein said sSkyl, alkrayl and alkynyl groups are eitho: 

unsubstituted or substituted with a group selected from OR^, SR^, 
NR^^ ,C(=0)RC, C(=OX:3l20H, or phenyl, wherein said phenyl 
group can either be unsubstituted or substituted with 1-3 substituents 
independently selected from the group consisting of Ci^alkyl, OH, 

15 0(Ci^alkyl), NH2, NH(Ci^aikyl), NH(Ci^allcyl)2, halo, CN, NO2, 

CO2H, C02(Ci^alkyl), C(0)H, and C(6)(Ci^alkyl); 
r2 is selected from the group consisting of hydrogen, hydroxy, iodo, 0(C=0)R^, 

C(=0)RC C02R^, Ci^alkyl, C2.6alkenyl, and C2-6alkynyU wherein 
said alkyl, allcenyl and alkynyl groups are either unsubstituted or 

20 substituted with a group selected from ORC, SRC, NR^RC ,C(=0)RC, 

C(=0)CH20H, or phenyl, wherein said phenyl group can either be 
unsubstituted or substituted with 1-3 substituents independently 
selected from the group consisting of Ci^alkyl, OH, O(Ci^alkyl), 
NH2, NH(Ci^alkyl), NH(Ci^alkyl)2, halo, CN, NO2, CO2H, 

25 C02(Ci^alkyl), C(Q)H, and C(0)(Ci^alkyl); 

or r1 and R^, when taken together with the carbon atom to which they 
are attached, form a carbonyl group; 
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or r1 and when taken togethCT, fonn a Ci-e alkylidene group, 
whraein said alkylidene group is eitha: unsubstitated or substituted 
with a group selected from the group consisting of hydroxy, 0(Ci_ 
4alkyl), N(Ci-4alkyl)2, and phenyl, whraein said phenyl group can 

5 either be unsubstituted or substituted with 1-3 substituents 

independently selected from the group consisting of Ci^alkyl, OH, 
0(Ci^alkyl), NH2. NH(Ci^alkyl), NH(Ci^alkyl)2. halo, CN, NO2. 
C02EI, C02(Ci^alkyl). C(0)H. and C(0)(Ci^alkyl); 
r3 is selected from the group consisting of hydrogen, fluoro, chloro, bromo, iodo, 

10 cyano, NRaRC ORa C(=0)Ra CONR^c SRa, S(=0)Ra, 

S02Ra, Ci.ioalk^, C2-ioaIkenyI, C2.ioalkynyl, C3.7cycloalkyl, 4-7 
membered hetacocycloalkyl, cycloalkylalkyl, aryl, heteroaryl, aiylalkyi, 
and hetMoarylallqrl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, 
aryl and heteroaryl groups are dther unsubstituted or independently 

15 substituted with 1, 2 or 3 groups selected from fluoro, chloro, bromo, 

iodo, cyano, ORa, NR^RC 0(C=0)Ra, 0(C=0)NRaRC NRa(oo)RC 
NRa(C=0)ORC, C(=0)Ra C02R^ CX>NRaRC, CSNR««.c SR^, 
S(0)Ra S02Ra, S02NR^c, YRd and ZYR* ; 
r4 is selected from the group consisting of hydrogen, hydroxy, amino, methyl, CF3, 

20 fluoro, chloro, and bromo; 

R^ and R^ are each indqioidenfly selected from the group consisting of hydrogen, 
fluoro, chloro, bromo, methyl, amino, OR^, OR*, 0(C=0)RC 
0(C=OPRC and NH(C=0)RC; 
r7 is selected ficom the group consisting of hydrogen, OR^, NR^RC, fluoro, chloro, 

25 bromo, iodo, cyano, nitro, Ci^alkyl, C2^alkenyl, CF3, and CHF2; 

rS and r9 are each ind^endently selected from the group consisting of hydrogen, 
Ci.6alkyl, C2^alkenyl, and C2-6alkynyl, 

or R^ and R^. when taken together with the caibon atom to which they 
are attached, form a 3-5 membered cycloalkyl ring, 
30 or r8 and R^, when taken together with tiie caibon atom to which they 

are attached, form a carbonyl group; 
rIO is selected from the group consisting of hydrogen, Cuoalkyl, C2-ioaIkMiyl, C2- 
lOalkynyl, Cs^cycloalkyl, cycloalkylalkyl, aryl, heteroaryl, arylalkyl 
and hetKoaiylalkyl, wherwn said alkyl, alkenyl, all^yl, q«;loalkyl, 
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cycloalkylalkyl, aiyl, heteroaryl, arylalkyl and heteroarylalkyl groups 
can be optionally substituted vdtb a group selected fiom chloro, biomo, 
iodo, OR^ SR^ C(=0)Rb or 1-5 fluoro, 

or rIO and R^» when t^ken together with the three intervening carbon 
5 atoms to which they are attached, form a 5-6 membsred cycloalkyi ring 

which can be optionally substituted Cx-6alkyl; 
r1 1 is selected from the group consisting of hydrogen and Ci^alkyl; 
R^ is selected from the group consistmg of hydrogen, Cuoalkyl, and phenyl, 

wherein said alkyi group can be optionally substituted with a group 
10 selected from hydroxy, amino, 0(Ci^alkyl), NH(Ci^alkyl), N(Ci. 

4alkyl)2, phenyl, or 1-5 fluoro, and 

wherein said phenyl groups can either be unsubstituted or substituted 
with 1-3 substituents independently selected fix)m the group consisting 
of Ci^alkyl, OH, 0(Ci^alkyl), NH2, NH(Ci^alkyl), NH(Ci. 
15 4alkyl)2, halo, CN. NO2, CO2H, C02(Ci^alkyl), C(0)H, and 

C(0)(Ci-4alkyl); 

Rb is selected from the group consistmg of hydiogpn. Ci.ioalkyl, benzyl and phenyl, 
wherein said phenyl group can either be unsubstituted or substituted 
with 1-3 substituents independently selected from the group consisting 
20 of Ci^alkyl, OH, O(Ci^alkyl), NH2, NH(Ci^alkyl), NH(Ci. 

4alkyl)2, halo, ON, NO2, CO2H, C02(Ci^alkyl), C(0)H, and 
C(0)(Ci^alkyl); 

RC is selected from the group consisting of hydrogen, Cj^ioalkyl and phenyl, wherein 
said phenyl group can either be unsubstituted or substituted with 1-3 
25 substituents indepradently selected from the group consistmg of Ci^ 

4alkyl, OH, 0(Ci^alkyl), NH2, NH(Ci^alkyl), NH(Ci^alkyl)2. 
halo, CN, NO2, CO2H, C02(Ci^alkyI), C(0)H, and C(OXCi. 
4alkyl); 

or R^ and R^, whether or not on the same atom, can be taken together 
30 with any attached and intervening atoms to form a 4-7 membered ring; 

Rd is selected from the group consisting of NR^RC, OR^, COtR^ 0(C=0)Ra, CN, 
NRC(c=o)Rb, CONR^RC, S02NRaRC, and a 4-7 membered N- 
heterocycloalkyl ring that can be optionally interrupted by O, S, NR^, 
orC=0; 
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Y is sdected fitom the group consisting of CR^^^ C2-6 alkylene and C2^ 

alkenylene, wherein said alkylene and alkenylene linkers can be 
optionally interrupted by O, S, or NR*^; 
Z is selected &om the group consisting of O, S, NRC C=0, 0(C=0), (C=0)0, 
5 NRC(C=0)or(C=0)NRC; 

and the pharmaceutically acc^table salts tfaoeof. 

2. A compound of the formula: 




10 wherein X is selected from the group conasting of O and N-OR^; 

r1 is selected ftom the group consisting of hydrog^ and Ci^alkyl, wheieiii said 

alkyl group is either unsubstituted or substituted with a gro^p sdected 
ftomORCorC(=0)RC; 
r2 is selected ftom the groiq> consisting of hydrogen, hydroxy, iodo, and Ci^sHkyl, 
15 wherein said aHqrl group is either unsubstituted or substituted with a 

group selected from ORC or C(=0)RC; 
r3 is selected from the group consisting of hydrogen, chloro, bromo, iodo, cyano, Ci. 

lOalkyl, C2-loalke"yl« heteroaryl, wherein said alkyl, alkenyl, 

aryl and heteroaryl groups are either unsubstituted or independentiy 
20 substituted wiUi 1, 2 or 3 groups selected ftom fluoro, chloro, bromo, 

iodo, cyano, ORa NRaRC, C(=0)Ra CO2RC, NRaC(=0)RC 
CONRaRC, csNRaRC, SRa, YRd and ZYR^ ; 
r4 is selected from the group consisting of hydrogen, fluoro, hydroxy and methyl; 
r5 and R^ are each independently selected from the group consisting of hydrogen, 
25 fluoro, 0(C=0)RC and ORa; 

r7 is selected from the group consisting of hydrogen, NR^c chloro, bromo, nitiro 
andCi^alkyl; 
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r8 and r9 are each independently selected from the group consisting of hydrogen and 
Ci^alkyl; 

or r8 and R^, when taken together with the carbon atom to which they 

are attadied, form a caibonyl group; 
5 rIO is selected ftom the group consisting of hydrogen, Ci.ioalkjd, Ci-iotlUkBayl C3. 

6cycloalkyl and cycloalkj^alkyl, wherein said alkyl. alkenyl. cycloalkyl 

and cycloalkylalkyl groups can be optionally substituted with a groiq) 

selected fix>m OR^ SR^ C(=0)R**, or 1-5 fluoro; 

or RIO and r1, when taken together with the three intervening carbon 
IQ atoms to which they are attached, form a 5-6 membered cycloalkyl ring 

which can be optionally substituted Ci_6alkyl; 
r1 1 is selected fram the group consisting of hydrogen and Ci_4alkyl; 
Ra is selected from the group consisting of hydrogen, Cuoalkyl, and phenyl, 

wherein said alkyl group can be optionally substituted with a gioiq» 

15 selected from hydroxy, amino, 0(Ci^alkyl), NH(Ci^alkyl), N(Ci. 

4alkyl)2, phanyl, or 1-5 fluoro; . 
Rt> is selected from the group consisting of hydrogen, CuoaDcyl, benzyl and phenj*; 
RC is selected from the group consisting of hydrogen and Cuoalkyl and phenyl; 

or R* and RC, whefliar or not on tiie same atom, can be taken to^tiier 
20 vvith any attached and intervening atoms to form a 4-7 membered ring; 

Rd is selected from the group consisting of NR^RC, ORa C02R^ 0(C=0)Ra CN, 
NRC(C=0)Rb, CONRaRC^ S02NR*R*', and a 4-7 membered N- 
heteiocycloallcjrl ring tiiat can be optionally interrupted by O, S, NR^^ 
orC=0; 

25 Y is selected from the group consisting of CRpR^, alkylene and 02-6 

alkenylene, wherein said alkylene and alkenylene linkers can be 
optionally interrupted by O, S, or NR'^; 
Z is selected from the group consisting of O, S, NRC, C=0. 0(C=0), (C=0)O, 
NRC(C=0) or (C=0)NRC; 

30 and the pharmaceutically acceptable salts thereof. 

3. A compound according to Claim 2, wherein X is selected from 
the group consisting of O, N-OH and N-OCH3, and tiie pharmaceutically acceptable 
salts thereof. 
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4. A compound according to Claim 3, wherein r6 is selected from 
the gioup consisting of OR^ and 0(C=0)RC and the pharmaceutically acceptable salts 
thereof. 

5 

5. A compound according to Claim 4, wherein B? is selected fix)m 
flie group consisting of hydrogen, chloro, hromo, iodo, cyano, Ci_ioaIlcyl, aryl and 
heteroaryl, wherein said alkyl, aryl and heteroaryl groups are either unsubstituted or 
independently substituted with 1, 2 or 3 groups selected from fluoro, chloro, bromo, 

10 cyano, NR^RC C(=0)Ra C02R^, CONRaRC SRa YRd and ZYRd , and the 
phannacratically acceptable salts thereof. 

6. A compound according to Claim 1 selected from the group 

consisting of: 

15 

4-bn)mo-7-hydn>xy-9a-methyl-l,2,9,9a-tetrahydro-3Jff-fluoren-3-<)ne; 
9a-butyl-7-hydroxy-4-methyl-l,2A9a-tetrahydro-3ff-fluorOT^ 
20 (3£)-9a-*utyl-7-hydroxy-4-methyl-l,2,9,9a-tetrahydro-3H^^ oxime; 
9a-[(l£)-l-butenyl]-7-hydroxy-4-methyl-l,2,9,9a-tetrahydra-3H-flu^^ 
4-bromo-9a-butyI-7-hydroxy-l,2,9,9a-tetrahydro-3H-fluoren-3-<^ne; 

25 

4-bromo-9a-butyl-3-methylene-2,3,9,9a-tetrahydro-l£r-fluoren-7-ol; 
9a-butyl-4K:yano-7-hydroxy-l,2,9,9a-tetrahydro-3ff-fluoren-3-one; 
30 4-benzyl-9a-butyl-7-hydroxy-l,2,9,9a-tetrahydro-3H-fluorcn-3-one; 
9abutyl-7-hydroxy-4-(2-tWenyl)-lA9,9a"tetrahydro-3fi-fluoren-3-^^^ 
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9a-butyl-7-hy<lroxy-4-{4-[2-<l-piperidinyI)ethoxy]phenyl}-lA9,9a-tBtrah3«^ 
fluoieD-3-one hydrochloride; 

9a-butyl-7-hydiDxy-4<4-hydroxyphenyl)-l,2,9,9a-tetrahydn>-3H-fluoren-^^ 

5 

(2E)-3-[4-(9arbutyl-7-hydroxy-3K)x<>-23^^a-tetrahydn)-lH-fluorcn-^^ 
piopaioic add; 

9arbutyl-7-hydroxy-8-methyl-l,2^,9a-3H-tetrahydK)-fluorcn-3<)ne 

10 

4-biDmo-9a-butyl-7-hydioxy-^-inethyl-lA9,9a-tetrahydro-3H-fluoren-3-one; 
9a butyl-4,8-dimethyl-7-hydroxy-l A9,9a-tetrahydio-3H-fluor«i-3-one; 
15 9a-*idyl-8-chJoio-7-hydroxy-4-methyl-lA9,9a-tetrahydro-3ff-flu^ 

(2Sli^a530-9a-*o>yl-2.4-diinelbyl-7-hydioxy-lA9.9 

(2S/?,9a/?S)-9a-butyl-2,4-^iinediyl-74iydtoxy-2rpropyl-lA9,9^^ 
20 fluor«i-3-one; 

9a-butyl-7-hydioxy-2,2,4-trimethyl-i;2,9,9a-tetrahydro-3H-fluoien-3-<^^^ 

(25i?,9ai^-9a-butyl-7-hydioxy-24odo-4-methyl-l,2,9,9a-tetrahydKH3H-fluoi^ 
25 one; 

(25/?,9aRS)-9a-butyl-2J-Kiihydroxy-4-methyl-l,2,9,9a-tetrahydro^3H-Hu^ 

(22W,9aSI?)-9a-butyl-7-hydroxy-2<2-hydroxyethylH-methyl4^,9,9a-telrahydn^ 
30 fluorcn-3-one; 

(25J?^aS/?)-2-aUyl-9a-butyl-7-hydioxy-4-me%l-l,2,9,9a-te1rahydro-3H-fluoren-^ 
one; 
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(2RS^aSR>9a-*ulyl-7-hydroxy-2<3-hydioxy-2-oxopropylH-meth 
tBtiahydn>-3J9-fluoieD-3-one; 

(95R^aSlJ>7-hy{hoxy-4-nie1hyl-9-ptopyl-l,2^^a-tBlrahydn>-3H-fluoien-3^ 

5 

9a-*utyl-^-<±loro-7-hydioxy-4-(ttmuoromethylH^^»9a-tetiahyd^^ 
one; 

4-acetyl-9a-butyl-8-cWoro-7-hydroxy-l,2^,9a-tetrahydio-3H-fluoren-3-ra^ 

10 

9a-butyl-*<Mon>4K;yano-7-4ydroxy-lA9^a-tetrahydio-3H-fluo^^ 
9a-but^-4-etiiyl-6-fluon)-7-hydroxy-8-niethyl-l^^,9a-tetiahy^ 
15 9a.biityl-8-cMoto^fhioto-7-hydtoxy-4-methyl-U^.9^^ 

9arbutyl-8-chloro-4-efli^-^fluoio-7-hydroxy-U^^a-tetrahy 
4-brom<>-9a-butyl-8-chloro-6-fluoro-7-hydroxy-lA9^a-tetrahydro-3H-flu^ 

20 

9a-butyl-8-<;maro-6-fluoro-7-hydroxy-4<triflu(W)methyl)-U,9,9a-t^ 
fluoren-3-one; 

2-hydioxy-5-methylgibba-l(10a)A4.4b-tetraen-^ne; 

25 

4-biomo-9a-butyl-3-oxo-2,3,9,9a-lH-fluoren-7-ylpivalate; 
74iydroxy-4,9a-<iimethyl-l^,9,9a-tetrahydio-3H-fluoren-3-one; 
30 9a-ethyl-7-hydroxy-4-methyl-l,2.9,9a-tetrahydro-3/f-fluoren-3-one; 
7-hydroxy-4-methyl-9a-propyl-l,2,9,9a-tetrahydro-3fl-fluorcn-3-one; 
7-hydioxy-9a-isobutyl-4-inethyl-l^,9,9a-tBtrahydrc>-3H-fliiorea-3-one; 
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9a4wtyl-4-«thyl-7-hydn)xy-l^,9,9artetrahydio-3H-fluorra^ 
9a-butyl-7-hydroxy-4-propyl-l,2^,9artetraliydiD-3H-fluoren-3^^^ 

5 

4,9a-dibutyl-7-hydroxy-l,2,9,9a-tettahydro-3fl-fluoren-3-one; 
9a-butyl-4-chloio-7-hydroxy-lA9^a-tetrahydio-3ff-fluoren-3-one; 
10 9a-butyl-7-hydioxy-4-iodo-lA9,9a-tBtrahydro-3H-fluoren-3-one; 
9a-butyl-7-hydroxy-4-timuaromethjl-l,2^.9a-tetrahydio-3ff-fl^ 
9a-butyl-7-hydioxy-4-phenyl-lA9,9a-tetrahydto-3H-flu<Men-3-<m^ 

15 

9arbutyl-4<2-fuiyl)-7-hydn)xy-lA9,9a4etrahydio-3fl-flaor«i-3-one; 

74iydioxy-9a-(34(xlopiopyl)-4-n»thyl-i;2,9^a-tetrahydio-3H-^ 

20 7-hydroxy-4-methyl-9a-(2-methyl-l-propenyl>lA9,9a-tetrahydK>-3H^^ 

9a-butyl^{4-[2Kdimethylaxnino)ethoxy]phenyl}-7-hydroxy-l,2,9^a-tetiahydn>-3^^ 
fluoren-S-one hydrochloride; 

25 9a-butyl-4-{4-[2-<diethylaimno)ethoxy]-phenyl}-7-hydroxy-1.2,9,9a-tetrahydro-3H- 
fluoren-3-one hydrochloride; 

9a-butyl-7-hydroxy-4-{4-[2-(l-pyirolidinyl)ethoxy]phenyl}-l,2,9,9a-tetrahydro-3if- 
fluoren-3-one hydrochloride; 

30 

9a-butyl-7-hydroxy-4-{4-[2-(4-moiphoUnyl)ethoxy]phenyl)-l,2,9.9a-tetrahydro-3if- 
fluoren-3-one hydrochloride; 
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9a-butyl-4-{4-[3-(dimethylainino)pn)poxy]-phenyl}-7-hydro^ 
3fl-fluarBn-3-one hydrodilMide; 

9jHbutyl-7-hydroxy-4-{4-[3<l-piperidinyl)propoxy]phenyl}-U.9,9a-t^ 
5 fluoren-3-one hydrochloride; 

(3£^9a-butyl-7-hydroxy-4-methyl-U^.9a-tetiahydio-3H-fluoien-3-ODea- 
methyloxime; 

10 (25/?^aSK>9a-*utyl-2-^yi-7-hydioxy-4-niethyl-U.9^a-tett^ 
one; 

(2Sl?^aS2?>9a4>utyl-7-hydroxy-2-propyl-lA9.9a.tetrahydro-3H-fluo^^^ 

15 (251J^aSR)-9a-butyl-7-hydroxy-4-methyl-2-propyl-1^.9,9a-tet^ 
one; 

(25/?.9aSJ?H^a-^libutyl-74iydioxy-2-propyl-lA9.9a.tettahydr^^ 

20 (251?.9aSi?)^bromo-9a.butyl-7-hydroxy-2-propyl-lA9.9a-tetrahy^^ 
one; 

(2RS,9a5R^9a4)utyl-74iydroxy-2K2M)xoe1hyl>U^,9a-tetiahydro-3H-^^ 
25 (25/i^aSR)-2,9a-dibutyl-74jydioxy-4-inethyl-l^,9.9a-teti:ahydro-3M^ 

(2R5,9aR5)-9a-butyl-7-hydroxy-2,4-dimethyl-2-propyl-l,2.9,9a-tetrahydro-3H- 
fluoren-3-one; 

30 9a-butyl-7-hydroxy-2.2-dipropyl-1.2.9,9a-te1iahydro-3H-fluoren-3-one; 

9a-butyl-7.hydroxy4-methyl-2;2-dipropyl-U.9.9a-tetrahydro-3fi-fluoren-3-one; 



-149- 



wo 01782923 



lPCTAISOl/04831 



(25R,9ai?S)-9a-butyl-2J-dihydroxy-4-methyl-2-propyl-l^,9,9a-tetr^ 
£luoien-3-one; 

4-bromo-9a-butyl-2,2Kfiethyl-7-hydioxy-l,2,9,9a-<etrahydro-3H-fluo^ 

5 

(25IJ^aa0-7-hydroxy-2,4^arlrimethyi-l^^,9a-tetrahydro-3H^^^ 

(25l?,9a5K)-7-hydtoxy-4,9a-dimethyl-2-piopyl-lA9^a-tetrahydi^ 

10 (25/?,9a5R)-9a-butyl-8-<5MoK>-2-cdiyl-7-hydroxy-4-iiiethyl-^ 
£Iuoten-3-one; 

8-cMoio-9a-^thyl-7-hydroxy-4-n»thyl-l^^,9a-tetrahydio-3jtf-fluoren^ 
15 8-brom<>9a-«thyl-7-hydioxy-4-methyl-l,2,9,9a-tetrahydto-3fl-fluoren- 
9a-ethyl-7-hydroxy-4,8-dimethyI-lA9,9a4etrahydro-3H^^ 
8-cWon)-7-hydroxy-4-methyl-9a-i«opyl-l^A9a-tetrahydio-3H-fluQ^ 

20 

8-bromo-7-hydroxy-4-methyl-9a-prop^-l^^,9a-tetrahydro-3ff-fluor^^ 

7- hydioxy-4,8-<iimethyl-9a-pn)pyl-lA9,9a-tetrahydro-3H^^ 

25 8K:Woro-7-hydroxy-4-methyl-9a-[(l£:)-l-propenyl]-l,2,9.9a-tetrahydn>-3H-fluorc^^^^ 
one; 

8- biomo-9a-butyl-7-hydroxy-4-methyI-l,2,9,9a-tetrahydro-3H-fluorenO^^^ 
30 9a-butyl-7-hydroxyA8-dimethyl4,2,9,9a-tetrahy<to-3H-fluoren-3-one; 

9a-butyl-7-hydioxy-4-methyl-8-mtrD-l^,9,9a-tetrahydro-3H-fluoren-3-K)M 
8-amino-9a-butyl-7-hydroxy-4-methyl-l,2,9,9a-tetrahydio-3H-fluoien-3^^^ 
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9a-butyl-7-hyckoxy-4-(4-hydioxyphenyl>8-methyl-l,^^ 
one; 

9a-butyl-7-hydhx)xy-8-methyl-4-{4-[2-piperidinyl)-etho 
5 tetrahydrD-3ff-fluarcn-3-one; 

4-biomo-7-hydn)xy-9a-prqpyl-lH-fluorene-3,9(2J?,9afl)^ 

4,8-dibromo-74iydK)xy-9a-propyl-l&fluorene-3,9(2H,9a£^^ 

10 

4"biomo-9a-butyl-7-hy(boxy-^methyl-l^,9,9a-tetrahy^ 
9a-butyl-8-cUoro-4-methyl-3-oxo-23»9^a-tetrahydro-l^^ 
15 9a-butyl-6,8-difluoro-7-hy(koxy-4-methyl-l,2,9,9a-tetrahyd^ 
9a-butyl-4-ethyl-6.8-(iifluQro-7-hy(iroxy-l^^ 
4-bronio-9a-butyW,8KJifluoio-7-hydroxy-l,2,9,9a-tetn^ 

20 

8-bionio-9a-butyl-4K;hIoio-8-difluoiXK7-hydroxy-l,2 
one; 

9a-butyl-4,8-dibromo-6-fluoro-7-hydroxy-l,2,9>9a-tetrahydro-3i^^^ 

25 

9a-^thyl-6-fluoro-7-hydroxy-4-methyl-l,2,9,9a-tetiahydro-^ 
9a-ethyl-6,8-<Bfluon>-7-hydroxy-4-methyl-l,2,9,9a-tetrahy 
30 8-<:hloro-9a-^thyl-^fluoro-7-hydroxy-4-methyl-l,2,^ 

8-bromo-9a-^thyl-6-fluoro-7"hydroxy-4-me%l-l,2,9,9a-tet^ 
9a-ethyl-^fluoro-7-hydroxy-4,8-dimethyl-l,2,9,9a-tetrah 
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4,9a-<iiethyl-^,8-difluoro-7-hydioxy-i;i.9.9a-tetia^ 
4-biom(>8-cMoro-9a-^thyl'^fluoro-7-hydroxy-l,2,9,9a-tetr^ 

5 

4-bromo-8-chloro-9a<cyclopentylmethyl)-6-fluoro-7-hy^ 
3H-fluoien-3-one; 

9a-^thyl-5-fluoro-7-hydrDxy-4-methyl-1^.9,9a-tetrahydr^ 

10 

8-bromo-9a-^thyl-5-fluoio-7-hydroxy-4-methyl-lA9.9a-t^^ 
9a-ethyl-^J-<iihydroxy-4-methyl-lA9,9a-tetrahyd^ 
15 8-bromo-9a-^thyl-^,7-dihydroxy-4-methyl-i;2^,9a-teti^ 

9arCthyl-6-hydroxy-4-methyl-l ^,9,9a-tetrahydro-3fl'-fluoren-3-one; 
9a-^thyI-^hydroxy-4-vinyl-l,2,9^a-tetiahydro-3H-fluoi^ 

20 

4-aUyl-9a-^thyl-6-hy(ta>xy-lA9,9a-tetrahydK)-317-^ 

2-hydK)xy-5-methyl-7,8,9J0-tetrahydro-7,10a-methanocyd 
one; 

25 

7-aimno-4-bromc>-9a-butyl-l,2,9,9a-tetrahydro-3H-fluoren-3-on 

7-amino-4,8-dibrom()-9a-^thyl-l,2,9,9a-tetrahydro-3ff-flu 

30 and the phannaceutically acceptable salts thereof.; 

7. A phannaceutical composition comprising a compound 
according to Claim 1 and a phamiaceutically acceptable carrier. 
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8. A phaimaceutical composition made by combining a 
con^und according to Claim 1 and a phannaceuticaUy acceptable carrier. 

9. A process for making a pharmaceutical composition 

5 comprising combining a compound according to Claim 1 and a pharmaceutically 
acceptable carrier. 

10. A method of eUdting an esttogpn receptor modulating effect in 
a mammal in need thereof, comprising administering to the mammal a IherapeuticaUy 

10 effective amuount of a compound according to Claim 1 . 

11. The method according to Claim 10 wherein the estrogen 
receptor modulation eflFect is an estrogen receptor antagonizing effect 

j5 12. The method according to Claim 11 wherein die estro^ 

receptor antagonizing effect is an ERa receptor antagom2ang effect 

13. The mefliod according to Qaim 11 wherein the estrogen 
receptor antagonizing effect is an ERp receptor antagonizing effect 

20 

14. The method according to Claim 1 1 wherein the estrogen 
receptor antagonizing effect is a mixed ERa and ERP receptor antagonizing effect 

15. The method according to Claim 10 wherein the estrogen 
25 receptor modulation effect is an estrogen receptor agonizing effect 

16. The method according to Claim 15 wherein the estrogen 
receptor agonizing effect is an ERa receptor agonizing effect 

30 17. The method according to Qaim 15 wherein the estrogen 

receptor agonizing effect is an ER? receptor agonizing effect. 

18. The method according to Claim 15 wherein the estrogen 
receptor agonizing effect is a mixed ERa and ERP receptor agonizing effect 

35 
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19. A method of treating or preventing hot flashes in a mammal in 
need thereof by administering to the mammal a therapeutically effective amount of a 
compound according to Claim L 

5 20. A method of treating or preventing anxiety in a mammal in 

need thereof by administering to the mannnal a therapeutically effective amount of a 
compound according to Claim 1. 

21. A method of treating or preventing depression in a mammal in 
10 need thereof by administering to the mammal a therapeutically effective amount of a 
compound according to Claim 1. 



15 
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